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1 Don’t Overlook These Facts 


To make “soft-riding” cars and 
cars which also possess good 


roadability at high speeds— 





Ist You must have supple springs 
in order to yield to lightimpact. 
2nd You must provide sufficient 
range of spring action not to 
“bottom” on heavy impact. 
3rd You must control the reaction : | 
of these lively springs. | | 
4th You must control this reaction 3 | 
in proportion to the reactive 
force which may be anything | 
from a few ounces to a great | 
many hundred pounds de- 
pending upon the extent to 
which the springs have been 
compressed. 


The above simple formula, and that 
formula only, will give to any car the 
riding qualities which every man wants. 


Stabilators, and Stabilators only, will 
provide the 4th requirement — recoil 
—" which is proportional to recoil 

orce. 


The now perfected Stabilator, Series 
C-5, cannot rattle, squeak or groan. 


Exact! se Stabilators require no oiling or greasing 
~ Syaeenades ever, and their action does not vary un- 
der any conditions. 


| Many of America’s builders of fine 
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motor cars have already laid their plans 
for the adoption of the above formula. 
The results are a revelation. 


John Warren Watson Company 
ay Twenty-fourth and Locust Streets 
eee Philadelphia 
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The far reaching scope 
of the Wyman-Gordon 
definition of service 
is exemplified inthe 
location of its two 

fully equipped forge 
plants at Worcester 
Massachusetts and 

at Harvey Illinois near 
Chicago. This idea of 
service is only one of the 
reasons for the long list 
of users of Wyman~— 
Gordon Products. 


‘Shere is no substitute for 
“tOyman- Yordon Qual ity and Service 
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The Summer Meeting 


AVE your vacation, or a part of it, at White 
H Sulphur Springs, W. Va., during the week of 

June 18. The Summer Meeting of the Society 
will be held at this unusually attractive resort during 
that week. The meeting opens Tuesday, June 20, and 
closes Saturday, June 24. The hotel authorities have 
set especially low rates during this meeting period and 
the fare-and-half return concession has been assured 
us by the railroads that traverse the automotive dis- 
tricts. 


White Sulphur Springs and its environs will appeal 
strongly to the members of the Society. It is situated 
on the main line of the Chesapeake & Ohio Railroad, 
where that line passes through the Allegheny Moun- 
tains. The resort proper is at an elevation of 2000 ft. 
and the surrounding mountains reach to even greater 
heights. In the warmest season the evenings are cool 
and refreshing. Two hotels, The Greenbrier and The 
White, will serve as our home during the meeting. 
Both establishments are modern in their appointments, 





THE GREENBRIER HOTEL, WHITE SULPHUR SPRINGS, W. Va., WHERE THE SUMMER MEETING OF THE SOCIETY WILL BE HELD 
June 20-24 
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the cuisine is appetizing and the service is the type 
that our members demand. A very large percentage of 
the rooms have connecting baths and there is a large 
tiled pool for those who enjoy swimming. 

The general arrangement of the meeting program 
will follow closely that which has proved so successful 
in past years. The mornings will be devoted exclu- 
sively to technical sessions at which the engineering, 
production and service problems of the industry will be 
treated by authorities and thoroughly discussed in 
assembly. Although the plans for the technical pro- 
gram are indefinite at this early date, sessions on 
motor-bus, research, service, aeronautics and fuel mat- 
ters seem definitely assured. The Meetings Committee 
is endeavoring to treat those problems whose solution 
appears to be most urgent at this time. In this en- 
deavor it asks the cooperation of those in the industry 
whose daily work brings them into intimate contact 
with the engineering matters that are exciting greatest 
interest. Write your suggestions to the headquarters 
of the Society in New York City. If you have a paper 
that you wish to present personally, send it to the 
Committee at once. 


THE SPORTS 


The afternoons at White Sulphur Springs will be 
devoted entirely to sports. One of the major factors 
influencing the selection of this resort was its unusually 
complete sport facilities. There are two picturesque 
and sporty golf-courses, one of 9 holes and another of 


BATTLESHIPS VERSUS 


HE Navy Department has a very important problem that 
one may think has developed largely from the recent 
bombing tests but it is a problem that has been appreciated 
from the very beginning of aviation in the Navy. It is that 
we must get our planes with the fleet. It was not altogether 
appreciated for a time that the planes with the fleet would 
be useful for much more than observation purposes and the 
control of gunfire; but it is now realized very thoroughly 
that they are an important asset for the purposes of attack 
and that they are still more important for purposes of de- 
fense. The aircraft carrier is coming; it is a necessity, but 
it is not a reality as yet. There is talk to the effect that the 
battleship is obsolete, but it is not yet obsolete in my opinion. 
I think that opinion is held generally by officers of the Naval 
Service, although there are some who differ. Until we have 
something to supplant the battleship, we cannot give it up. 
I really think that the time is coming when the battleship 
and the aircraft carrier probably will come toward each 
other and that, ultimately, a new type of battleship will de- 
velop therefrom. For that reason I cannot agree that battle- 
ships are obsolete. There must be a main factor in a fleet 
that can control a decision at sea. It will be a long time 
before it will be possible for any nation to concentrate on 
any fleet at sea the amount of fire that was concentrated on 
the ships off the Virginia Capes in the recent bombing-tests. 
Another important problem that has been realized from 
the beginning in the Navy is the necessity of launching air- 
planes from ships. We have conducted recently successful 





1From an address, before the Metropolitan Section’s December 
1921 meeting, by Com. H. C. Richardson, U.S.N., chief engineer, 
Naval Aircraft Factory, League Island Navy Yard, Philadelphia. 
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18. Five excellent tennis courts lie adjacent to an 
attractive clubhouse whose shady verandahs provide a 
pleasant gallery for the tennis and golf spectators. A 
baseball diamond awaits the adherents of the national 
pastime. Trapshooting, bowling, croquet, clock golf 
and quoits are provided for. A spacious lawn will 
accommodate the annual S.A.E. games. The 50 x 100-ft. 
swimming pool will prove alluring to the water lovers. 
Races will be held in the natatorium on one of the eve- 
nings. Our members can readily discern from this out- 
line that White Sulphur Springs holds many attractions 
for the sport lover. 

Reservations for the 1922 Summer Meeting will be 
made in a manner unlike that followed in past years. 
On page 37 of this issue of THE JOURNAL an appli- 
cation blank is printed for the members’ use. Read the 
instructions carefully to avoid any misunderstanding. 
You will note that assignments to rooms are made by 
the hotel. The hotel authorities are not permitted to 
accept applications for rooms desired during the meet- 
ing period, unless these are forwarded through the 
offices of the Society. Your application blank must be 
accompanied by the proper reservation fee before it 
will be accepted and sent to the hotel. This fee applies 
as a credit on your hotel bill when you check out after 
the Summer Meeting. Reservations will be assigned in 
the order of receipt of the applications and those mem- 
bers who mail theirs promptly will receive the benefit 
of what choice there may be in the selection of rooms. 
Mail your application today. 


AIRPLANE CARRIERS! 


experiments along this line, and believe that the launching 
problem is fairly well worked-out. The aircraft carrier itself 
offers a more simple method of launching and also, what is 
still more important, a means for aircraft to return to the 
mother ship. But, when we get the aircraft carrier,’ what 
we must do is to carry a flying field at sea. That flying field 
will be a much larger and more vulnerable target than the 
battleship itself. The aircraft carrier is subject to surface 
as well as subsurface attack, just as the battleship is, except 
of course when we Cause it to travel at high speed. When it 
travels at high speed we get a large aircraft carrier, and 
then we have a large target. The most important factor is 
getting the airplanes back again, but it requires only a 600-lb. 
bomb to smash up a deck so that it is no longer useful for 
getting airplanes away or landing them; thus the problem 
will not have been solved even when we get aircraft carriers. 


SCIENCE 


CIENCE as king, science as power, looms as the great 

new figure, the overshadowing novel factor, in practical 
statesmanship. Unlike the factor x in the traditional equa- 
tion, it is the known factor par excellence, the factor by 
which.the value of all the other factors of human life will 
be ascertained and solved. As knowledge of the conditions 
determining all life, it stands as the courageous David of 
the race against the Goliath territory of the uncontrollable 
and the inevitable, even the unknowable. The future of 
science has become the future of the race. The natural won- 
ders of the laboratory have taken the place of the absurdities 
of the medieval mind.—Louis Berman. 
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Some Aspects of Air-Cooled Cylinder 
Design and Development 


By S. D. Heron! 





DAYTON SECTION PAPER 


HE paper reviews some of the salient points aris- 

ing in the design and development of the modern 
high-output air-cooled cylinder. It is based to a very 
large extent upon the work of Dr. A. H. Gibson at the 
Royal Aircraft Establishment, which in turn was prin- 
cipally a development of the pioneer efforts of Renault, 
supplemented by some post-war work of the author for 
British companies and tests made by the engineering 
division of the Air Service. While the paper may, 
therefore, lack somewhat in originality, many of the 
results presented, it is stated, have not been published 
previously. The problems of an aircraft cylinder of 
approximately 40 b. hp. are dealt with primarily, but 
some aspects of automobile-engine cylinder design are 
considered. 

The first point treated is the heat to be dissipated, 
this being followed by a consideration of how to secure 
an even temperature-distribution in the various parts 
of the cylinder. Cooling by a direct air-blast and by 
conduction is discussed, the importance of removing 
the heat from the cylinder at the point where it is 
given to the head, the ports and the barrel being par- 
ticularly emphasized. The effects of mixture-strength 
and cooling air-supply upon the cylinder temperature 
are commented on, the text being supplemented by a 
number of tables. Methods of finning different forms 
of cylinder, the cooling surface required; the effect of 
the compression-ratio on the output, fuel-consumption 
and wall-temperature; cylinder materials; types of 
cylinder, with a summary of the advantages and dis- 
advantages of the different forms of construction, valve- 
seat inserts in aluminum cylinder-heads; exhaust-valve 
cooling; and valve-gears, all receive attention. 

The conclusions reached are that (a) successful air- 
cooling is not limited to 50 b. hp. per cylinder, (b) 
fragility of the fins is a disadvantage of air-cooling 
and (c) the compromises necessary in the design of 
air-cooled cylinders have been made at the expense of 
the cooling efficiency. 

The effect of the position of the spark-plugs on the 
power output and the fuel-consumption is discussed in 
an appendix and the use of two spark-plugs located 
on a common horizontal axis that passes through the 
vertical axis of the combustion-chamber in such a po- 
sition that neither plug can project a flame-wave against 
the exhaust-valves is commended. The influence of gas 
velocity through the valves on the performance of an 
air-cooled engine is the subject of a second appendix. 
In this, as throughout the paper proper, numerous illus- 


trations and tabulations of test results supplement the 
text. 


T is proposed to review some of the salient points aris- 
ing in the design and development of the modern 
air-cooled cylinder of high output. 


It may be well to state that the paper contains little 





‘S.M.S.A.E.—Aeronautical mechanical engineer, engineering divi- 
sion, Air Service, McCook Field, Dayton, Ohio. 

2See Proceedings of the Institution of Automobile Engineers, 
vol. 14, p. 243; also Transactions of the Royal Aeronautical Society, 
No. 3; also Internal-Combustion Engine Subcommittee of the British 
Advisory Committee for Aeronautics Reports Nos. 24 and 41. 
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that is new, it being based in the main on the work of 
Dr. A. H. Gibson at the engine research department of 
the Royal Aircraft Establishment.? Some postwar work 
of mine in British companies is also drawn upon, and the 
work of the engineering division of the Air Service has 
been used freely. With few exceptions I have been con- 
cerned personally with the types and tests mentioned in 
the paper, which may cause the views presented to be 
somewhat one-sided. 

Although the paper is lacking in originality, it is felt 
that many of the data presented are by no means well 
known to American engineers. In fact part of the data 
used has never been previously published to my knowl- 
edge. The work on which the paper is based is in the 
main a development of the pioneer efforts of Renault, 
whose air-cooled aircraft engines established such an 
enviable record for reliability. 

The development of air-cooling in Great Britain is 
principally due to the brilliant and persistent work of Dr. 
Gibson, and to the far-sighted enthusiasm of Major F. M. 
Green, who initiated the investigation at the Royal Air- 
craft Establishment. In 1915 the air-cooled aircraft en- 
gine of stationary type (rotary engines are not dealt with 
in this paper) was prone to cracked cylinders, burnt ex- 
haust-valves and overheating. At the best, the engines 
then used developed only low mean effective pressure, ard 
that on high specific fuel-consumption. In fact, the 
R. A. E. 1A and 4A engine specifications called for a 
minimum specific fuel consumption of 0.63 lb., a neces- 
sary precaution to avoid cracked valve-seats and burnt 
valves. The progress since 1915 has been rapid. Today 
the air-cooled engine is not one iota less reliable as re- 
gards exhaust-valves, has little higher fuel-consumption 
and is generally no more liable to thermal trouble than is 
its water-cooled rival of equal class of design. 

Primarily the paper deals with the problems of the 
aircraft cylinder of about 40 b. hp. In addition, some 


aspects of automobile-engine cylinder design are touched 
upon. 


HEAT TO BE DISSIPATED 


Investigation has shown that for every brake horse- 
power developed an average of approximately 0.6 hp. or 
25 B.t.u. per min. has to be dissipated directly to the cool- 
ing air by the external cooling surface of the cylinder. 
In addition, 0.4 to 0.5 hp. has to be dissipated by the oil, 
by conduction to and radiation from the crankcase and 
similar means. The amount of heat absorbed by the oil 
will depend largely upon the amount reaching the cylin- 
der and the piston walls and the facilities for cooling the 
oil. Power output, fuel consumption and cylinder-wall 
temperatures, such as are quoted herein, are dependent 
upon liberal splash lubrication and the resultant oil- 
cooling. 


In the light of present-day knowledge a design for a 
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cylinder of high output has to fulfill approximately the 
following requirements: 
(1) Develop a volumetric efficiency of 80 to 85 per cent 
(2) Produce a brake mean effective pressure of at least 
130 lb. per sq. in. at the normal speed on a max- 
. imum fuel-consumption of 0.56 lb. per b. hp-hr. 
Dissipate 25 B.t.u. per min. per b. hp. from the ex- 
ternal cooling surfaces of cylinder, this heat to be 
dissipated so that the maximum temperature of 
any portion of the exterior of the cylinder walls 
does not exceed 550 deg. fahr., and it is preferable 
that it be lower. In addition, the mean temperature 
of the exterior of the cylinder walls should not ex- 
ceed 350 deg. fahr. To produce a layout that ful- 
fills the stated requirements, it is necessary that 
heat-flow be the primary point in mind during 
design. 
TEMPERATURE DISTRIBUTION 


As the amount of heat lost to the walls from the charge 
differs largely in various parts of the cylinder, it is ob- 
vious that to have anything like even temperature- 
distribution, the supply of cooling air to any portion of 
the cylinder should be proportioned approximately to the 
amount of heat given to that portion of the cylinder. 

Considering a normal design of overhead-valve cylin- 
der with circumferential cooling-fins, it is evident that 
the side of the cylinder-head and barrel that carries the 
exhaust ports will receive the greatest heat supply per 
unit area, and therefore should receive the major por- 
tion and the greatest effect of the cooling air-supply. 
This requirement is suitably met by applying the cooling 
blast on the exhaust side of the cylinder. In practice, 
with such blast application, the circumferential tem- 
perature-difference at the top of the cylindrical portion 
of the combustion-chamber will not exceed 50 deg. fahr. 
Toward the base of the cylinder the circumferential 
temperature-differences will probably increase, but this 
is usually of little moment, since the maximum tem- 

peratures attained there are low. Contrary to the 
’ Opinion commonly held in this Country, the back or side 
of the cylinder that is in the lee of the blast, does not 
give overheating trouble when the cylinder design is 
scund and the air supply is suitably arranged. 

Uneven temperature distribution, whether caused by 
poor air distribution or by cylinder walls lacking the 
required heat-flow capacity to equalize the temperature 
distribution, has a considerable effect on the output, 
thermal efficiency and reliability of a cylinder. Very un- 
even distribution of temperature will result in the local 
development of an excessive temperature and overheated 
exhaust-valves. These faults in their turn lead to de- 
creased volumetric efficiency and the use of rich mixtures 
to check detonation, to reduce the flame temperature and 
to cool the walls internally. 

The tendency to detonation resulting from local or 
general high cylinder-wall temperature reduces the 
maximum usable compression-ratio, thus doubly reduc- 
ing the possible output. 


(3) 


DIRECT COOLING VERSUS COOLING BY CONDUCTION 


The advent of aluminum as a cylinder material, and 
the success obtained with some of the early applications 
of it, resulted almost immediately in the production of 
many designs that gave poor results. For a time it was 
commonly thought that aluminum would, by its high con- 
ductivity carry away efficiently the heat from the por- 
tions of a cylinder that are entirely inaccessible to the 
cooling air and have, in addition, the maximum heat- 
reception. On the surface such a method seems to be 
the obvious way of avoiding the apparent difficulties of 
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directly air-cooling all portions of the cylinder. Experi- 
ence, however, has shown that to produce an air-cooled 
cylinder that is comparable in output with a high-class 
water-cooled design, the cooling medium must flow over 
all portions of the cylinder-head and barrel. Air will not 
flow around sharp corners or through fins at 90 deg. to 
the airstream merely to fit in with the imagination of the 
sanguine designer. Numerous tests have demonstrated 
that siamesed exhaust-ports, and. exhaust and intake 
ports without ary air space between them, are altogether 
unsound. This is markedly comparable with experience 
on water-cooled cylinders of high output. 

The aim in design should be to remove as far as pos- 
sible the heat from the cylinder at the point where it is 
given to the head, ports and barrel. Investigation has 
demonstrated that neither a material of high conductivity 
nor an excessive cooling air-supply will remedy poor de- 
A simple cast-iron cylinder with only a small cool- 
ing air-supply but fulfilling some of the fundamental 
necessities for efficient heat-dissipation will give a per- 
formance much superior to that of designs that presume 
to function by high wall or fin conductivity in zonjunc- 
tion with large quantities of air supplied to those por- 
tions of the cylinder where little is needed and a total 
lack of effective air-supply where it is required. 


EFFECTS OF MIXTURE-STRENGTH AND COOLING AIR-SUPPLY 
UPON CYLINDER TEMPERATURE 


The temperature of an air-cooled engine is determined 
by the cooling-air temperature as a datum point. If the 
air temperature rises 50 deg. fahr., the actual cylinder 
temperatures are sensibly increased by that amount. In 
general, with an efficient cylinder design, the effect of 
the air temperature is little felt. A considerable rise in 
the air temperature increases the cylinder temperature, 
but it simultaneously reduces the charge weight, and thus 
to some extent the heat to be dissipated by the cylinder 
is diminished. A variation of 350 deg. fahr. in maximum 
cylinder-temperature at full throttle is permissible for 
short periods of time, such as exist during a fast steep 
climb by an airplane or the ascent of a mountain pass by 
an air-cooled car. That cylinder-temperature control is 
necessary for air-cooled aircraft engines has yet to be 
proved in practice, although urged as a disadvantage of 
air-cooling by its opponents. The stabilization of the 
carbureter temperature is much more likely to be found 
necessary, due to the rapidity with which an air-cooled 
engine cools during a glide or dive when switched off or 
idling. 

An investigation of the amount of air required to carry 
away the heat dissipated from the external cooling sur- 
faces of air-cooled cylinders is of considerable interest. 
For aircraft it is desirable to use as little cooling air as 
possible to minimize the head resistance. For automo- 
bile work, where fan cooling is used, economy of power 
absorbed by the fan is to be aimed at. In both cases, 
however, economy in the cooling air-supply may be 
dearly bought. A possible result of insufficient cooling 
air-supply is a hot engine, requiring more fuel for a 
given net performance than an engine supplied with 
more cooling air, and having a lower specific fuel-con- 
sumption per overall horsepower which is the effective 
horsepower plus the horsepower absorbed in cooling. I 
know of no exact measurements of the cooling air-supply 
in connection with the general type of cylinder dealt 
with in this paper. Tests have been conducted to meas- 
ure the amount of cooling air required and the mean 
temperature-rise of the air, but these were carried out 
before the specific output had reached its present figures. 
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Fic. 1—TEMPERATURE POSITIONS OF THE AIRCO CYLINDER 


An attempt is made herein to estimate the quantity 
of air used for cooling a circumferential-fin cylinder by a 
free, unconfined, blast. The method used is not exact 
by any means and is open to criticism, but other data on 
cylinders of such size and efficiency are lacking. The 
cylinder used is the Airco of 54% x 6 in., shown in Fig. 1, 
developing 46.5 b. hp. at 1900 r.p.m., or a brake mean 
effective pressure of 136 lb. per sq. in., and running in a 
mean blast of 87 m.p.h., this velocity being the mean of 
the velocities measured around the outside of the air- 
flow area contour shown in Fig. 2. The cylinder is as- 
sumed to be cooled so that all air supplied passes between 
the fins. It is assumed also that the air velocity is con- 
stant from the roots to the tips of the fins. The air-flow 
area diagram, Fig. 2, takes no account of the fin thick- 
ness and otherwise gives a generous estimate of area 
available for flow. This area, from the diagram, is 32 
sq. in. 

The quantity of air used on the above basis is 1700 
cu. ft. per min. and is the product of the blast velocity 
in feet per minute and the area available for flow in 
square feet. The number of cubic feet required per 
minute per brake horsepower is 36.7. The heat to be 
dissipated per min. per b. hp. is 25 B.t.u., or a total of 
1160 B.t.u. per min. The weight of air required per 
minute is 129 lb. The mean temperature-rise of the air 
is equal to the total number of British thermal units 
dissipated per minute divided by the weight of air re- 
quired times the specific heat at constant pressure, or 
1160 — (129 *& 0.24) = 37 deg. fahr. 

The cylinder used in this example is, of course, a 
highly efficient design, running under nearly ideal con- 
ditions. In fact, few air-cooled cylinders of such size 
have given better performance at a similar speed. 
The cylinder was running at continuous full-throttle, 


and even under these circumstances a considerable 
reduction in the blast velocity could have been made 
without materially affecting the performance or the tem- 
perature. Under conditions of intermittent full-throttle 
operation or the equivalent of progressively throttling 
that approximates the condition of a steady climb by air- 
craft, a considerable reduction of air supply could be 
made with safety. 

Owing to the fact that the cylinder was operating in a 
free blast, much of the air supplied was not actually used 
for cooling, due to it striking the front of the cylinder 
and being deflected sideways and thus not passing 
through the fins at the cylinder sides. This may be an 
objection to the method used for estimating the air sup- 
ply. Single cylinders have shown approximately the 
same performance when cowled so that all the air sup- 
plied was effective for cooling, as when running in a free 
blast of equal mean velocity. 

In cowled V-engines, where the cooling air is supplied 
to the V and flows out sideways between the cylinders, 
all the air available for cooling has to pass through the 
fins and some of these engines have given remarkably 
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Fic. 2—Cross-SmcTION OF THE AIRCO CYLINDER SHOWING THE AREA 
AVAILABLE FOR USEFUL COOLING-AIR FLOW 
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USED IN THE B. S. A, PASSENGER CAR 
efficient cooling. Examples of engines thus cooled are 
the Renault and the R.A.E. 1A, 4A and 4D engines. 

Numbers’ of designs have been proposed and many 
built in which the ingoing charge is presumed to cool 
the various parts of the cylinder, usually the exhaust- 
valves and exhaust-ports. In practice such designs do 
not function, little or no cooling from the ingoing charge 
is obtained, and the general result is usually a marked 
reduction in the volumetric efficiency, accompanied by a 
pronounced overheating. The ratio between the amount 
of air required for cooling and that used for combustion 
serves to show the unsoundness of attempts to use the 
ingoing charge for cooling. Further, the cylinder is not 
the correct place to apply heat to the charge, as heat sup- 
plied there can have no beneficial effect on the distribu- 
tion. In calculating the air required for combustion a 
brake mean effective pressure of 130 lb. per sq. in. and 
an 85-per cent volumetric efficiency in terms of air at 
the carbureter mouth are assumed. This brake mean 
effective pressure almost exactly equals 6.1 cu. in. cylin- 
der capacity per brake horsepower in a four-cycle engine 
running at 1000 r.p.m. The volume of air per brake 
horsepower per minute required for combustion is 1.5 
cu. ft. and the ratio between the air for required cooling 
and that needed for combustion is 24.5:1 or 36.7/1.5. 
Although less than 36.7 cu. ft. of cooling air per b. hp. 
can be used, and the foregoing calculation takes no ac- 
count of the cooling effect derived from the latent heat of 
the unevaporated fuel, nevertheless it gives a measure 
of the unsoundness of a method of cooling so attractive 
to many. 

An example of what may be accomplished in the way 
of automobile engine cooling with small air-supply is 
shown bv the B.S.A. Light Car, the cylinder of which is 
shown in Fig. 3. This car has a 90-deg. two-cylinder 
V-engine of 66-cu. in. capacity and is cooled entirely by 
natural draft, no fan being employed. One of the early 
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engines was fitted to a car weighing 1700 lb., including 
passengers and regular equipment, and road tests of the 
cylinder temperature under these conditions are not 
without interest. Climbing a hill rising 1200 ft. in 24. 
miles, the temperature at TH, the hottest point of the 
hottest cylinder, was 310 deg. fahr. above the air tem- 
perature at the start of the ascent, and 495 deg. fahr. at 
the finish. This ascent was taken on the run with the 
engine at normal temperature and was made in a follow- 
ing wind in 11 min. There is little question that the 
heat-storage capacity of the cylinders is of considerable 
importance in preventing overheating under such condi- 
tions as quoted for this car when hill-climbing with a 
following wind. The heat-storage capacity of a water- 
cooled car engine having a large quantity of water in the 
jackets and the radiator, in this sense a heat accumu- 
lator, is known to be of advantage in preventing boiling 
in mountainous country. This is a parallel tending to 
show the similar advantage of thick, heavy cylinders for 
air-cooled cars. 

Assuming the average brake horsepower as 10, the 
mean temperature-rise of the cylinder bodies as 100 deg. 
fahr. and the weight of the two cylinder bodies as 44 lb., 
the heat given to cylinders during the climb equals 2750 
B.t.u. The heat storage of the cylinders for a given 
temperature-rise equals the product of the weight of the 
cylinder bodies, the specific heat of the material and the 
temperature-rise, or 44 « 0.12 & 100 = 528 B.t.u. There- 
fore, 19 per cent of the heat given to the cylinders during 
the climb was stored therein. This calculation is, of 
course, only approximate. The assumptions as to the 


brake horsepower and the mean temperature-rise of the 
and even if 


cylinders are reasonably sound, inaccurate 
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the result serves to show the advantages of heavy cylin- 
ders with large heat-storage capacity for engines de- 
pending almost entirely on radiation for cooling during 
limited periods of full-throttle operation. 

The variation of the cylinder temperature, the output 
and the fuel-consumption on a maximum load mixture 
over a range of blast velocities for an Airco cylinder is 
shown in Fig. 4. It will be noted that a reduction of the 
blast velocity involves an increase of the fuel-consumption 
and the cylinder temperature, and causes a drop in the 
power. It is of interest to note that in this case the cir- 
cumferential temperature-differences are reduced by a 
decrease of the blast velocity. 
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HEAD TEMPERATURE OF A TYPE D CYLINDER 


The results of an investigation of the effect of mixture- 
strength upon the cylinder temperature are shown by 
Fig. 5. These tests were carried out by the engineering 
division on a Type D cylinder shown at the left of Fig. 6. 
The Type D cylinder is not of very efficient design; there- 
fore the results of tests on an R.A.E. 21TD cylinder, 
shown at the right of Fig. 6, are included and are pre- 
sented in Table 1. The R.A.E. 21TD cylinder, which 
is ef similar size and design to the Type J cylinder, illus- 





TABLE 1—EFFECT OF MIXTURE-STRENGTH ON CYLINDER 
TEMPERATURE ; 
Difference 


Between 

Cylinder- 
Power Fuel-Con- Head 

Devel- sumption, Air-Fuel Temperature 

oped, lb. per Ratio by and Air, 

b. hp. b. hp-hr. Weight deg. fahr. 
32.8 0.70 10.5 319 
33.2 0.64 11.4 345 
33.3 0.57 12.9 385 
32.9 0.54 13.5 371 
30.6 0.51 15.4 345 


ee — — 4 


— 


trated in Fig. 7, is thermally of much superior design to 
the Type D. 

The marked effect of the mixture-strength on the cylin- 
der temperature is shown also in the results of engineer- 
ing division tests on the Type D cylinder. It will be 
noted in Fig. 8 that reducing the blast speed by 50 per 
cent and simultaneously increasing the fuel-consumption 








Bronzé Valve- Seats 
Cast in Place 
7 





<Stee! Mourtting-Flan 
Screwed and Weed : 


on Barrel 


Fic. 6—SECTIONAL ELEVATIONS, AT THE LEFT, OF THE TYPE D 

CYLINDER DEVELOPED BY THE ENGINEERING DIVISION OF THE AIR 

SERVICE AND AT THE RIGHT THE 21TD CYLINDER ‘WITH CAST-ON 

ALUMINUM HEAD DEVELOPED BY THE ROYAL ATRCRAFT ESTABLISH- 
MENT 


by 40 per cent, resulted in practically no change in out- 
put and only 70-deg. rise in temperature at the hottest 
point. 

The interconnected effects of the mixture-strength and 
the air supply on the cylinder temperature are of consid- 
erable importance in military aircraft service. Overheat- 
ing, if occurring during a steep climb at a low air-speed, 
can be largely eliminated by the use of the mixture con- 
trol on the carbureter. Very high air-temperatures such 
as exist in tropical climates may cause overheating. This 
tendency can be reduced also by the use of richer mix- 
tures, although in general, with efficient air-cooling, the 
effect of the air temperature is of little importance. Al- 
most any crude and inefficient design of air-cooled cylin- 
der can be kept at an efficient working temperature by 
running it on a sufficiently rich mixture. In fact, it is 
possible on almost any air-cooled engine to keep the ex- 
haust-valves dead-black by rich mixture. 

A cylinder of sound design, when running at its most 
suitable compression-ratio, will usually develop its maxi- 
mum power, maximum cylinder-wall temperature and 





Fic. 7—Two VIEWS OF THE TYPE J CYLINDER DEVELOPED BY THB 
ENGINEERING DIVISION OF THE AIR SERVICE 
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maximum tendency to detonation when the air-fuel ratio, 
by weight, for gasoline and gasoline-benzol mixtures is 
between 12 and 13 to 1. This mixture-strength gives 
approximately the maximum rate of flame propagation. 
A mixture-strength of 12 or 13 to 1_by weight, when 
used on the composite aluminum and steel aircraft cyl- 
inder, usually results in a fuel consumption of approxi- 
mately 0.55 Ib. per b. hp-hr. with aviation gasoline or 
aviation gasoline and benzol. This, however, only ap- 
plies at the most suitable compression-ratio. If the ratio 
be too high, fuel-consumptions have to be increased to 
eliminate detonation. That a fuel consumption of ap- 
proximately 0.55 lb. per b. hp-hr. usually produces the 
maximum power and the maximum cylinder-temperature 
is confirmed by Tables 1 and 2. 


and to the reduction of both the rate of flame propaga- 
tion and the flame temperature. 

The relative importance of blast direction for fairly 
large cylinders is indicated by Table 3, which gives 
figures of tests on an Airco cylinder with the blast on the 
exhaust and on the inlet sides of the cylinder, the tem- 
perature positions being shown in Fig. 1. 

The circumferential temperature-differences at T,, 
around the cylindrical portion of the combustion-cham- 
ber, with a change of the blast direction are noticeable. 
With exhaust-side blast the difference is 33 deg. fahr., 
and with inlet-side blast it is 301 deg. fahr. The in- 
crease with inlet-side blast of 197 deg. fahr. in tempera- 
ture at TH,, the hottest point of the cylinder, is suffi- 
cient in itself to show the marked effects of biast direc- 


TABLE 2—OUTPUT, TEMPERATURE AND FUEL-CONSUMPTION OF THE AIRCO CYLINDER 
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The maximum exhaust-valve temperature is usually 
produced by approximately the optimum mixture- 
strength of 15.2 to 1. The use of such mixtures is, how- 
ever, impossible on anything but a first-class design. 
This question is dealt ‘with later under the subject of 
exhaust-valve cooling. 

The specific figures quoted for the mixture-strength 
will doubtless be productive of criticism, since mixture- 
strength figures are tied up in the vexed question of volu- 
metric efficiency. On the subject of the volumetric effi- 
ciency of cylinders of such outputs as are quoted in this 
paper, no two investigators seem to be in agreement. 
The figures in which I have the most cause for confidence 
are therefore used. 

The minimum fuel-consumption that an air-cooled cy]- 
inder will run on is generally a measure of its soundness. 
In this respect a rather curious difference is noticeable 
between efficient and unsound design. A poor design will 
usually work over a wide range of fuel-consumption, say 
from 0.7 to over 1.0 lb. per b. hp-hr., without much varia- 
tion in the power output, whereas an efficient design will 
generally show a drop in the power output if the fuel- 
consumption at maximum load of approximately 0.55 lb. 
be increased by about 15 per cent, the power progres- 
sively decreasing with a further increase of the mixture- 
strength. 

The reduction in the cylinder-wall temperature ob- 
tained when the mixture-strength is enriched beyond 
12 or 18 to 1 may be attributed to the increase of in- 
ternal cooling by the evaporation of liquid-fuel particles, 











ie 8S OH a i 


tion. With inlet-side blast the fuel-consumption, although 
only slightly higher at the maximum-load mixture, could 
not be reduced as much as with exhaust-side blast. The 
minimum fuel-consumption with the inlet-side blast was 
9 per cent higher than that obtainable with the blast on 
the exhaust side. 

With fairly large two-valve cylinders such as the Type 








TaBLE 3—Errect oF BLAst DIRECTION 






































Blast Applied on Exhaust Inlet 
Side Side 
Mean Blast Velocity, m. P. h. | 75.0 70.0 
Pow er Dev eloped, b. hp. | 36.4 | 35.9 
Brake .Mean Effe -ctive Pressure, ‘Ib. | | 
per sq. in. | 119.0 117.2 
Fuel-Consumption with Maximum- | 
Load Mixture, lb. per b. hp-hr. 0.66 0.68 
; TH, 371 | 402 
Cylinder Temper-| TH, 373 570 
ature-Rise |— - —|- 
above Air Tem-| T2 LH 252 293 
perature, deg. | nd I- 
fahr. | T, (Exhaust Side)| 234 472 
T: (Inlet Side) 267 171 
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Fic. 8—EFFECT OF VARIATION OF BLAST VELOCITY UPON THE FUEL- 
CONSUMPTION AND HEAD TEMPERATURE OF THE TYPE D CYLINDER 


J cylinder, Fig. 7, it is possible and practicable to direct 
the blast at 90 deg. to the exhaust side of the cylinder. 
In the Type J cylinder the exhaust port is located at 75 
deg. to the direction of motion of the airplane. The 
spiral deflection of the propeller slipstream, however, re- 
sults in the effective angle between the exhaust side of 
the cylinder and the blast becoming approximately 65 deg. 
Other than exhaust-side blast for cylinders of over 100 
cu. in. capacity is in the nature of a compromise. Ex- 
haust-side blast is always preferable and is almost essen- 
tial for three and four-valve cylinders. 


METHODS OF FINNING 


The circumferential fin, on the whole, appears to have 
the majority of the advantages. It gives a considerable 
stiffening effect to the cylinder that is of advantage in 
resisting distortion under temperature, explosion and 
bending stresses. Circumferential finning in general 
simplifies the problem of best applying the air-supply to 
the cylinders. A combination of circumferential fins for 
the barrel and the cylindrical portion of the head with 
circumferential and axial fins or axial fins alone for the 
crown is used at times and is practically essential for 
four-valve roof-head types. 

In the foundry a cylinder with circumferential finning 
is a decidedly superior production proposition to one 
completely finned with radial axial fins. The pivotal 
point in the design with a cast air-cooled cylinder or 
head is really foundry production. It is useless to pro- 
duce a design that will not mold readily. The B.S.A. car 
cylinder shown in Fig. 3 is an example of a simple cast- 
ing. This was designed for jolt-ram machine-molding, 
with stripping-plate patterns. The mold and the core are 
symmetrical about the joint line, with the result that only 
half a pattern is required for machine-molding and the 
core cannot be inverted in the mold. Further, not a 
Single loose piece is necessary on the pattern. Such a 
design from the foundry standpoint can hardly be 
equalled by water-cooled cylinders, but unfortunately this 
is possible only with moderate-size cylinders and where 
the engine is laid-out around the cylinder, which is really 


required by air-cooled design in the present state of 
knowledge. 
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The use of axial radial fins makes it extremely difficult 
to provide any effective finning of the cylinder crown, and 
most types of such cylinder exhibit a singular bareness 
as regards such finning. It is, of course, easy to design a 
crown covered with fins, but to produce a fin layout for it 
that can be cast readily and that will give an efficient 
air-flow through the fin spaces is another matter. 

The finning and cooling of the cylinder-head is much 
more important than that of the barrel. Most axial-fin 
designs rely upon the barrel finning to cool the cylinder 
crown, a very thick crown being used to conduct the heat 
from the center of the head to the barrel. Such tice 
is not sound, as it places a double duty upon the finning 
of the combustion-chamber sides and, further, the heat is 
not dissipated from the crown at the point of its recep- 
tion. Attempts to use such a construction, although pro- 
ducing passable results in cylinders of small capacity, 
have, in Europe at any rate, invariably given trouble 
when applied to cylinders of over 100 cu. in. capacity. 
Reliable figures have yet to show that such a design in 
any size can compare in performance with cylinders in 
which an attempt is made to dissipate the heat at its 
point of reception. 

Overheating of the lee side of a circumferentially 
finned cylinder does not occur in a cylinder of correct 
design. The view generally accepted in this Country that 
overheating of the lee side of a circumferentially finned 
cylinder is inevitable has arisen mainly from the per- 
formance of very light steel aircraft-engine cylinders, 
mostly of European origin, and all of poor design. Thin 
cast-iron cylinders with the air-supply unsuitably ar- 
ranged have also helped to confirm the fears of lee-side 
overheating. 

The figures in Table 2 and the curves reproduced in 
Fig. 4, showing tests on the composite aluminum and 
steel Airco cylinder, and those in Table 4 showing the 
temperature distribution in the cast-iron B.S.A. cylinder, 
indicate that an even temperature-distribution is ob 





Fic. 9—PLAN VIEW AND SECTIONAL ELEVATIONS OF THE AIRCO 
5% x 6-IN. CYLINDER 
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tainable with circumferential finning and, further, that 
such distribution is not dependent upon the use of mate- 
rial of high conductivity. 

It will be noticed from Fig. 4 that reduction of blast 
velocity tends to diminish the circumferential tempera- 
ture-difference at points T, A comparison of the cir- 
cumferential temperature-difference given in Fig. 4 with 
those shown in Table 2 indicates that those in the table 
are the larger. This is partly due to the increased blast 
velocity, but mostly to the reduced wall-thickness of the 
head, the cylinder body used for the Fig. 4 tests being 
that shown in Fig. 1 which was lightened by 15 per cent, 
as shown in Fig. 9, for the tests given in Table 2. 

In connection with Airco cylinder tests it is well to 
mention that those given in Table 3 and Fig. 4 were ob- 





FIG 11—PLAN VIEW AND SECTIONAL ELEVATION OF THE 19T 
8 x 10-IN. CYLINDER WITH CAST-ON ALUMINUM HEAD DEVELOPED 


BY THE ROYAL AIRCRAFT ESTABLISHMENT 





TABLE 4—-TEMPERATURE DISTRIBUTION IN THE B. S&S. A. 
LIGHT CAR CYLINDER 


Bore of Cylinder, mm. 90 
Bore of Cylinder, in. 3.54 
Stroke, mm. 85 
Stroke, in. 3.35 
Volume of Cylinder, cu. in. 33 
Speed, r.p.m. 1,000 
Power Developed, b. hp. 4.36 
Brake Mean Effective Pressure, lb. per sq. in. 104.5 
Fuel-Consumption, lb. per b. hp-hr. 0.60 
Fuel 75 per cent Gasoline and 25 per cent Benzol 
Compression-Ratio 4.7 to 1 
Mean Blast-Velocity, m.p.h. 40 


Blast Applied on Exhaust Side 


Cylinder Temperature-Rise above Air Temperature, 


deg. fahr. 

Temperature Position Side Back Front 
TH 384 

T Inlet 130 

T Exhaust 294 a oe 
T, 299 274 301 
276 at v! 
fk 230 

T. 211 er » ais 
T; 167 155 202 





tained while developing the design and the results are 


therefore relatively poor, due mainly to thermal troubles 
with valve-seat inserts. 
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‘ Section B-B 
Fic. 12—THE 4A CastT-IRON CYLINDER Body DEVELOPED BY THB 
ROYAL AIRCRAFT ESTABLISHMENT 








The influence of the thickness of the cylinder barrel at 
the base may be noted in the figures for the B.S.A. and 
Airco cylinders, the circumferential temperature-differ- 
ence of the former cylinder being less than half that of 
the latter. 

The tests reported in Table 4 by no means represent 
the best obtainable from this cylinder. The low brake 
mean effective pressure was due largely to poor distri- 
bution and very high manifold-depression. The high fuel- 
consumption obtained was due to the characteristics of 
the carbureter, a consumption of 0.54 lb. per b. hp-hr. 
having been obtained later. This engine at a further 





. ] 
View A-A 
13—THE ALUMINUM HEAD AND JACKET OF THE 4C CYLINDER 
DEVELOPED BY THE ROYAL AIRCRAFT ESTABLISHMENT 
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stage of development and when using slightly higher 
compression has given 120 lb. brake mean effective pres- 
sure at 1800 r.p.m. The figures presented seem to indi- 
cate the soundness of circumferential finning for a wide 
range of cylinder sizes and classes of duty. 

Many methods of finning are seen in the various illus- 
trations. The Airco cylinder, Figs. 1 and 9, has a com- 
bination of circumferential and vertical fins in conjunc- 
tion with spikes for the center of the crown; the Type H 
cylinder, Fig. 10, shows another and very similar finning 
arrangement for a four-valve head; and Fig. 11 of the 
R.A.E. 19T shows a method of finning a four-valve 
spherical-head cylinder. It is exceedingly difficult to fin 
this latter type of cylinder-head successfully. The fin- 
ning of side-valve cylinders is shown by the R.A.E. 4A 
and 4C cylinders, illustrated in Figs. 12 and 13. 

For aircraft cylinder-heads the cast fin appears to be 
the most logical. For automobile or motorcycle-engine 
cylinders the cast fin is undoubtedly the cheapest and the 
power output obtained does not justify the use of fins 
produced by machining or casting-in. On aircraft- 
engine cylinder barrels machined fins can be used on 
account of the reduced weight. 


TYPES OF CYLINDER HEAD 


In general the work on which this paper is based shows 
that the flat head does not compare favorably, as regards 
either power output or cooling efficiency, with the spher- 
ical or roof types. The reasons for this are plain in my 
opinion. In the first place, the flat head renders it diffi- 
cult to maintain the required air-spaces between the 
valve ports and the necessary metal sections between the 
valve-seats without reducing the valve sizes excessively. 
Large air-spaces between the inlet and exhaust-valve 
ports are desirable with three or four-valve designs em- 
ploying a pair of exhaust-valves, and it is essential to 
have a minimum air-space of 34 in. between the adjacent 
exhaust-port walls in such types. Further, with alumi- 
num heads, it is necessary to maintain approximately °. 
in. as a minimum section of aluminum between adjacent 
exhaust-valve seat-inserts; otherwise overheating, dis- 
tortion and cracking will be apt to occur. It is not wise 
to reduce this section much between pairs of inlet seats 
or between adjacent exhaust and inlet seat-inserts. An 
example of flat-head cylinder is shown in Fig. 14, which 
is an assembly drawing of the Type I engineering division 
cylinder. This is of 5%%-in. bore by 6%4-in. stroke and 
is fitted with two 114-in. exhaust-valves and one 2-5/16- 
in. inlet-valve. The Type I cylinder is undoubtedly un- 
dervalved, but in this case that is the lesser evil. 

As an example of the possibilities of valving four- 
valve flat and roof-type cylinder-heads, the D, F and H 
types are of interest. All are of 5'4-in. bore by 6%-in. 
stroke and are fitted with four valves of 15¢-in. diameter 
in the port. In the first two types the valves are neces- 
sarily crowded, with the result that there is insufficient 
air-space between the exhaust ports and not enough 
metal between the valve-seat inserts. On test these types 
of cylinder overheated, gave a relatively low output with 
a high fuel-consumption and trouble with cracking of 
the head metal between the valve-seat inserts was expe- 
rienced. The Type H cylinder illustrated in Fig. 10 
allows a 7%-in. minimum air-space and metal section be- 
tween the exhaust-port walls and the adjacent exhaust- 
valve seat-inserts. 

With a flat head the walls of adjacent ports do not 
diverge as much from each other as with roof or spher- 
ical heads and thus the area of the total air-space be- 
tween the ports is less. The included angle between the 


entrance and the exit of the ports is nearly always smaller 
with flat heads than with roof or spherical types. With 
the latter it is nearly always possible to maintain the 
included angle at more than 90 deg., which is of con- 
siderable importance, at least for the exhaust-ports, as 
there is thus less gas friction and therefore less heat 
given to the port walls. With an exhaust-port included 
angle of less than 90 deg. it is easier to avoid choking 
the port while maintaining good valve-stem cooling by 
a heavy valve-guide boss and, further, the port walls 
diverge more sharply from the combustion-chamber wall. 
Even if the included angle of the port be 90 deg., a 
greater divergence between the port walls and the cylin- 
der crown is obtained with the spherical or roof type 
heads, which is of importance for cooling, as the air is 
thus more uniformly in contact with the metal surround- 
ing the valve-seat. 

For efficient cooling it is desirable that the fins be, as 
nearly as possible, normal to the surfaces to be cooled. 
This condition is anything but fulfilled by the Type I 
cylinder. Consider the heat given to the head at the 
point X in Fig. 15. This heat is partially dissipated to 
the cooling air at X, but as the capacity of the surface is 
obviously limited in this respect, the remainder of the 
heat must be conducted by the head metal to the fins on 
the cylindrical portion of the combustion-chamber, or to 
the ports and thence up the port walls to the port finning. 
The conditions of heat-flow from any point of the com- 
bustion-chamber wall to the fins are markedly more di- 
rect in the Types H and J cylinders than in any of the 
flat-head types shown. 

The discharge of an inclined valve in a spherical or 
roof head appears to be much less disturbed and more 
likely to promote and maintain turbulence than that of 
a similar valve in a flat head. The flat head is more 
liable to deflect under explosion pressure and, in practice, 
breathing of flat heads is by no means unknown. The 
truly hemispherical head is the ideal form as regards 
minimum stress due to explosion pressure. 

For two-valve designs the spherical head appears to be 
the most suitable. For four-valve heads the spherical 
head is undoubtedly the most efficient, but, except for 
very special cases, its use does not appear to be justified, 
owing to the manifest difficulties of valve operation and 
also to the fact that excellent results are obtainable from 
a suitably designed roof head. When, however, very 
large cylinders are required, or medium-size designs, 
either of large bore-stroke ratio or to run at such high 
speeds that sufficient valving in conjunction with good 
cooling cannot be obtained with a roof head, there is lit- 
tle question that the spherical head is the most suitable 
design. An excellent example of four-valve spherical- 
head design is seen in the R.A.E. 19T cylinder, Fig. 11. 

Experience to date indicates that for aircraft-engine 
cylinders of up to about 170 cu. in. capacity and with 
bore-stroke ratios not exceeding 1.25 to 1, designed for 
normal speeds of up to 1800 r.p.m., the roof head will 
produce the best all-around results. The design of an effi- 
cient roof-head cylinder is a tricky proceeding, slight 
faults in detail being liable to result in poor cooling. 


COOLING SURFACE 


The cooling surface obtainable with the type of cir- 
cumferential-fin cylinder mainly dealt with in this paper 
will vary between 0.20 and 0.35 sq. ft. per b. hp., the for- 
mer figure being obtainable on a cylinder of approxi- 
mately 170 cu. in. capacity and the latter with a design 
of approximately 70 cu. in. Considering fins of constant 
length and pitch and a given type of cylinder design, it 
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TABLE 5—EFFECT OF DIFFERENT COMPRESSION-RATIOS ON 
THE PERFORMANCE OF AN R. A. E. 4D AIR-COOLED CYLINDER 
Compression-Ratio 4.6 5.0 54 5.8 6.22 6.4 
Brake Mean Effec- 

tive Pressure, lb. 

per sq. in. 116.2 119.3 122.0 125.0 129.0 123.0 
Fuel-Consumption, 

lb. per b. hp-hr. 
Mean Temperature 

of Top of Cylin- 

der, deg. fahr. 356 338 315 309 372 414 
Mean Temperature 

of Bottom of Cyl- 

inder, deg. fahr. 222 208 192 185 281 276 


0.530 0.507 0.490 0.475 0.480 0.520 





* Occasional detonation occurred with this ratio. 
»Heavy detonation was noticed when operating with this ratio 


is obvious that the output will increase as the cube of the 
scale, assuming constant brake mean effective pressure 
and speed, whereas the cooling surface will increase only 
as the square. The term cooling-surface includes the fin, 
barrel, port and head areas. As the average heat-dissipa- 
tion is approximately 25 B.t.u. per b. hp. per min., the 
mean heat-dissipation will vary from approximately 70 
to 125 B.t.u. per sq. ft. per min. 

Owing to the reduction in cooling surface per brake 
horsepower with an increase of size, it is to be expected 
that the cylinder-wall temperatures will increase and that 
higher blast-velocities will be required. In practice it is 
found that the greater the cylinder size, the higher the 
permissible maximum and mean wall-temperature, this 
being probably due to the reduction in the surface- 
volume ratio of the combustion-chamber in the larger 
sizes. The minimum blast-velocity to produce the best 
results varies markedly with size, a 70-cu. in. cylinder 
requiring approximately 60 m.p.h. and a 170-cu. in. cyl- 
inder about 90 m.p.h. 

Areas of 0.20 to 0.35 sq. ft. per b. hp. only suffice for 
efficient operation of overhead-valve designs. L and T- 
head types require in general an increase of the cooling 
surface, the cooling air-supply and internal cooling by 
fuel evaporation, resulting from the use of a rich mixture. 


EFFECT OF COMPRESSION-RATIO ON OUTPUT, FUEL-CON- 
SUMPTION AND WALL-TEMPERATURE 

The effect of compression on the performance of an air- 
cooled cylinder is considerable. Results of tests on an 
R.A.E. 4D cylinder of 100-mm. (3.94-in.) bore and 140- 
mm. (5.51-in.) stroke, illustrated in Fig. 16, with com- 
pression-ratios varying from 4.6 to 6.4 to 1, are presented 
in Table 5. It will be noticed that the 5.8 to 1 ratio pro- 
duced the minimum fuel-consumption and wall-tempera- 
ture and 97 per cent of maximum power. An increase in 
the ratio to 6.2 to 1 produced the maximum output with 
a slight increase in the fuel-consumption and a marked 
increase of wall temperature. These tests were carried 


TABLE 6—PROPERTIES OF VARIOUS CYLINDER MATERIALS 


Conductivity Ratio of 
Average Value, Specific Conductivity to 
Material C. G. S. Units Gravity Specific Gravity 
Aluminum Alloy 0.40¢ 2.77 0.1440 
Forged Steel 0.11¢ 7.80 0.0141 
.Cast Iron 0.11¢ 7.10 0.0156 
Copper 0.894 8.90 0.1000 
Bronze (90 per 
cent Copper 
and 10. per 
cent Tin) 0.60¢ 8.78 0.0680 





¢See report on the Materials of Construction Used in 
and Aircraft Engines, by Lieut.-Col. C. 
Majesty’s Stationery Office, London. 

4See Smithsonian Physical Tables. 


¢ See Ohio State University Engineering Experiment Station Bul- 
letin No. 20. 


Aircraft 
F. Jenkin, published by His 
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Fic. 16—EXTERIOR VIEW AND SECTIONAL ELEVATION OF THE 4D 
CYLINDER DEVELOPED BY THE ROYAL AIRCRAFT BESTABLISHMENT 
out with straight aviation gasoline. The effect of cylin- 
der design upon the possible usable compression-ratio is 
very marked, and it was the cumulative effect of small 
detail improvements in the head, barrel and exhaust- 
valve cooling, resulting from the British investigations 
of air-cooling, that allowed a progressive increase in the 
possible compression-ratio and an increase of specific out- 
put. It can be seen from Table 5 that relatively high 
compression is of considerable advantage for air-cooling. 
It is not likely that any further considerable increase of 
the possible compression-ratio with present aircraft fuel 
can be secured by any improvement in the design. It is 
probable, however, that the use of fuel dopes will render 
possible a further considerable increase. This has been 
investigated on small air-cooled aircraft-engine cylinders 
and medium-size water-cooled aircraft engines; the re- 
sults have shown a considerable increase in the brake 
mean effective pressure. Should the proportionate in- 
crease of performance prove as large with 160-cu. in. 
air-cooled cylinders as has been found with the 70-cu. in. 
types, some rather remarkable performances are likely 

to be produced in the near future. 


CYLINDER MATERIALS 


Some of the materials that have been used for air- 
cooled cylinder construction are shown with their respec- 
tive specific gravities and conductivities in Table 6. 

On the basis of the conductivity-specific gravity ratio, 
aluminum appears to be the most logical material for 
aircraft-engine cylinder construction, as the weight of 
material necessary to handle the heat-flow becomes out of 
the question for aircraft purposes with other materials. 
The development of other light alloys, such as the mag- 
nesium group, may eliminate aluminum in the future, but 
at present it is the most important cylinder material. 

Leaving weight out of consideration, conductivity is 
not the only guide as to the thermal suitability of a ma- 
terial for air-cooled cylinder construction. Some tests 
confirming this view were carried out by Dr. A. H. Gib- 
son on a R.A.E. 4D cylinder. This cylinder, which is 
illustrated in Fig. 16, was designed with a cast aluminum 
head and jacket and fitted with a shrunk-in steel liner. 
Castings of the head and jacket were made from the 
same pattern, in aluminum, cast iron, and bronze, all 
being fitted with similar steel liners. The aluminum cyl- 
inder produced the best results, the cast-iron cylinder 
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developed an equal mean effective pressure with little or 
no increase in the cylinder temperature on a 10-per cent 
higher specific fuel-consumption and the bronze cylinder 
proved inferior to both the cast-iron and the aluminum, 
developing excessive temperatures. Standard heat-dissi- 
pation tests in a wind-tunnel on the bronze cylinder 
showed that the surface heat-dissipation from the bronze 
to the cooling air was much inferior to that of either 
aluminum or cast iron. 

Bronze cylinders have been tried by several firms. Al- 
though no definite results are known, it is significant that 
the experiments have not been continued. The inferior 
surface heat-dissipation of bronze in comparison with 
steel has been experienced by several spark-plug manu- 
facturers in the course of their experiments with bronze 
plug-bodies. 

Investigation* has shown that a steel surface gives 5 to 
10 per cent greater heat-dissipation than either alumi- 
num or copper. The dissipation of aluminum, however, 
is improved about 10 per cent by coating with a glossy 
black enamel, the percentage of improvement varying 
with the nature of the enamel and the blast velocity. The 
effect of surface dissipation is of considerable importance 
and further investigation of the subject is to be made 
by the Bureau of Standards and the engineering division. 

The principal alloy that has been used by the British 
for air-cooled cylinder construction is the Air Ministry 
2-L-11i alloy, containing 7 per cent of copper, 1 per cent 
of tin and 92 per cent of aluminum. This was developed 
after failure had attended efforts to use the aluminum- 
zinc group, employed so largely on the Continent for 
crankcases and similar parts. This alloy is both weak 
and soft when hot, but its bad qualities are, nevertheless, 
fairly well understood as a result of considerable expe- 
rience. It sand-casts relatively well; the tin-content, 
which reduces the strength and hardness, also seems to 
reduce shrinkage and pin-holing. 

An alloy, known as the Y-alloy, developed by Dr. Wal- 
ter Rosenhain at the National Physical Laboratory, con- 
tains 4 per cent of copper, 2 per cent of nickel and 1% 
per cent of magnesium.‘ This maintains its strength 
and hardness at high temperature much better than the 
2-L-11 alloy and has been used to a limited extent for 
cylinder castings. It appears to have great possibilities 
for air-cooled cylinder construction, principally on ac- 
count of its hot strength and hardness, but much will 
depend on its ease of casting, of which I have no knowl- 
edge. For air-cooled seaplane engines it is possible that 
this alloy may prove distinctly advantageous, owing to 
its remarkable resistance to corrosion by sea water. 

The silicon-copper-aluminum alloys appear to be one of 
the most promising groups yet tried for cylinder con- 
struction and at present the only unknown factor con- 
cerning the group is its conductivity. It seems that this 
group, which at present is under development by the en- 
gineering division and others, will mark a distinct for- 
ward step in alloys for air-cooled cylinders. Its freedom 
from cracking, porosity and shrinkage appear to go far 
toward eliminating the troubles of the commercial pro- 
duction of aluminum air-cooled cylinder castings. An 
important advantage of this alloy is that chills, which in 
production with jolt-ram molding machines by unskilled 
labor are exceedingly objectionable, can be entirely elim- 
inated. 





®See Proceedings of the Institution of Automobile Engineers, 
vol. 14, p. 243. 


*See the 11th Report of the Alloys Research Committee of the 
Institution of Mechanical Engineers. 


5 See Atitomotive Industries, Sept. 8, 1921, p. 474. 
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Some particulars of the casting of silicon alloys for 
air-cooled cylinders have already been published,’ and it 
is hoped that the results of the further investigations of 
the materials section of the engineering division will be 
published in the near future. The silicon-copper alloy, 
containing 4 per cent of silicon and 3 per cent of copper, 
possesses considerable ductility, which is of some prac- 
tical importance as bent fins and the like made of it can 
be straightened without danger. Most of the silicon- 
alloy cylinders produced by the engineering division have 
been cast in this alloy and have proved somewhat difficult 
to machine. Threading has given most trouble in this re- 
spect, owing to the tearing of the metal and the wear of 
the tools. The machining properties are, however, likely 
to be much improved by the investigations now being con- 
ducted. The silicon-copper alloy presents an excellent 
example of the danger of judging alloys for cylinder con- 
struction by test-bar results alone. From the test-bar 
results little consideration of the silicon-copper alloys and 
less of the 2-L-11 alloy would be justified, though both 
have proved excellent. Test-bar results entirely fail to 
show casting properties, an aspect of marked importance 
for air-cooled cylinder production. 

Alloys containing copper and manganese which have a 
constant or an increasing strength up to 500 deg. fahr., 
have been tried for air-cooled cylinder castings. Owing 
principally to casting difficulties they have been dropped 
in favor of more promising groups. The conductivity of 
alloys containing manganese is fully developed only after 
annealing. In some cases the increase of conductivity 
due to annealing amounts to as much as 40 per cent. Most 
alloys show a somewhat improved conductivity after an- 
nealing. Apart from this effect, annealing is very neces- 
sary to remove growth and casting strains. If cylin- 
der-heads are not annealed, growth and distortion de- 
velop rapidly in the course of engine operation. With an 
unannealed screwed-on head the effect of growth is most 
serious; such a head will become loose on the cylinder 
barrel in 10 to 20 hr. running. Growth due to lack of 
annealing further results in valve-seat inserts, valve 
guides and cylinder studs becoming loose in the casting. 

The physical properties of some aluminum alloys used 
for cylinder castings are shown in Table 7. 





TABLE 7—-PHYSICAL PROPERTIES OF ALUMINUM ALLOYS 
EMPLOYED FOR SAND-CAST CYLINDERS 


Copper 
Alloy 2-L-11/ Y9 Silicon*® 
Cu 7% Cu 4% Si4% 
Composition Ni2% 
Sn1% Mg1%% Cu3% 
Tensile-Strength, lb. per sq. in. 

60 Deg. Fahr. 14,800 24,400 21,400 
300 Deg. Fahr. 12,300 23,800 19,400 
600 Deg. Fahr. 8,300 23,000 11,800 

Brinell Hardness Number 

60 Deg. Fahr. 55 71 50 
300 Deg. Fahr. 54 68 
600 Deg. Fahr. 25 46 





‘See report on the Materials of Construction Used in Aircraft 


and Aircraft Engines, by Lieut.-Col. C. F. Jenkin bli 
Majesty’s Stationery Office, London. oe 


’ See the 11th Report of the Alloys Research Committee of the 
Institution of Mechanical Engineers. 


*From tests made by the materials section of the engineerin 
division of the Air Service. ’ - 





For cast-aluminum cylinders a fin having a length of 
from 1 to 1% in., a thickness at the root of % in., a 
thickness at the tip of 1/16 in. and a %-in. pitch, is 
fairly readily cast and is reasonably strong for handling. 
Fins of a somewhat decreased thickness and pitch can 
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Fic. 17—HeapD CASTINGS, READING FROM LEFT TO RIGHT, FOR THE TYPES H, I AND J ArIR-COOLED CYLINDERS 


TABLE 8—TYPICAL ANALYSIS OF BRITISH AIR-COOLED AIR- 
CRAFT CYLINDER IRON 


Minimum Maximum 
Combined Carbon, per cent 0.50 0.80 
Total Carbon, per cent 2.70 3.50 
Silicon, per cent 1.20 2.00 
Sulphur, per cent 0.12 
Phosphorus, per cent date 0.80 
Manganese, per cent 0.50 1.20 





be cast, but are likely to lead to foundry difficulties and 
are easily damaged. 

The photographs of the Types H, I and J heads, repro- 
duced in Fig. 17, from left to right in the order named, 
show some excellent castings. It may be mentioned that 
fins were sand-blasted after little or no dressing. 

Cast iron at present is somewhat despised as a cylin- 
der material. Nevertheless, it can be seen from the 
B.S.A. and R.A.E. 4D cylinders mentioned earlier in the 
paper that efficient results are obtainable with this ma- 
terial. I believe that for commercial purposes, excepting 
aircraft engines, the use of any other material than cast 
iron for cylinder construction is not justified by the in- 
creased efficiency obtained. The use of any more expen- 
sive material than cast iron also involves more compli- 
cated and expensive construction. In the light of present 
experience that statement appears to hold good up to an 
output of 12 hp. per cylinder at about 2500 r.p.m. 

A comparison of the weight of the cylinder-body 
proper, excluding the valves and the valve-gear, obtain- 
able with heavy cast-iron construction and by the use 
of advanced aircraft-engine design, with the weight re- 
duced to a minimum, may be of interest. A cast-iron 
cylinder of massive proportions, with little liability to 
breakage that will give excellent cooling, will weigh 2 lb. 
per hp. for a high-speed engine using European fuel, and 
probably 3 lb. per hp. for a medium-speed engine using 
domestic fuel. The most efficient aircraft practice does 
not result in cylinder-body weights of much less than 0.4 
Ib. per hp. when operating at a lower speed, but using 
compression-ratios that are impossible for car practice 
and fuels that are not at present available for commercial 
work. This class of construction calls for expensive ma- 
chining hardly desirable or necessary for a car engine. 
Further, aircraft design in the small bores required for 


TABLE 9—ANALYSIS OF A CYLINDER IRON 


AsCast Annealed 

Graphitic Carbon, per cent 2.640 3.340 
Combined Carbon, per cent 0.850 0.150 
Silicon, per cent 1.840 1.940 
Sulphur, per cent 0.078 1.090 
Phosphorus, per cent 1.090 1.090 
Manganese, per cent 0.820 0.850 
Conductivity at 212 deg. fahr., in 

C. G. S. units 0.102 0.121 


car work becomes somewhat fragile and easily liable to 
damage in handling. In any case the resultant saving in 
weight when using aircraft construction for a 50-b. hp. 
engine would be only 130 lb. and this could be removed 
to better commercial advantage from some other portion 
of the engine or chassis. 

Semi-steel is practically never used for cylinder cast- 
ings in Great Britain. A typical analysis of British air- 
cooled aircraft-cylinder iron is shown in Table 8. 

An interesting sidelight on cast iron as a cylinder ma- 
terial is seen in Table 9 which is taken from a British 
report on the materials of construction used in aircraft 
and aircraft engines. The 20-per cent increase in the 
conductivity after annealing possibly explains why cast- 
iron cylinders of very light section rarely perform as well 
when new as after considerable service. It is the prac- 
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Fic. 18—AN ALL-STEEL 5% x6%4-IN. AIR-COOLED ENGINE CYLINDER 
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tice of several Continental motorcycle companies to run-in 
engines on the test-block for protracted periods without 
a cooling blast. Many racing motorcyclists subject their 
engines to a continual violent overheating before attempt- 
ing to use them for racing. The improvement due to 
preliminary overheating generally has been attributed to 
the release of the casting strains and to seasoning. It is, 
however, more likely that the increase in the conductiv- 
ity has the greatest influence on the improvement in 
performance. 

Cast-iron cylinders often have poorly proportioned fins. 
Excessively long and very thin fins of the extreme pro- 
portions the foundries can produce are commonly used. 
In general fins longer than 1 in. are not good. The low 
conductivity of cast iron prevents the tip of a long thin 
fin from being of much practical use. Long thin fins are 
exceedingly fragile and very liable to damage in handling, 
in addition to being difficult to cast. In many Continental 
motorcycle factories the scrap resulting from the han- 
dling of cylinders with long thin fins is large. An all- 
around efficient fin for cast-iron cylinders as regards 
strength, ease of foundry production and cooling should 
have a length of 1 in., a pitch of % in., a root thickness 
of 9/64 in. and a thickness at the tip of 5/64 in. A fin 
of these proportions will stand very rough usage without 
breakage. 

Copper has been used extensively for air-cooled cylin- 
ders and was employed on some of the earliest air-cooled 
cars. The high conductivity is of considerable advan- 
tage, but there are many practical objections to its use. 
One of these is that it is exceedingly difficult to fin a cyl- 
inder-head efficiently with sheet-copper fins. To attach 
the latter to a spherical head such as the Type J cylin- 
der is almost out of the question and in any case entails 
the use of a heavy iron casting for the body of the head. 
Some copper air-cooled aircraft-engine cylinders were 
produced in Great Britain during the war. These had a 
closed-end steel barrel fitted with sheet-copper circum- 
ferential fins, head cooling being attempted by a finned 
cast-aluminum cap. The performance compared unfa- 
vorably with that of the composite aluminum and steel 
type with cast-on or screwed-on heads. The economical 
use on a weight basis of copper as a fin material re- 
quires the use of thin sheet, and such fins are readily bent 
and damaged. The copper-finned cylinders previously re- 
ferred to presented an extremely ragged appearance after 
a short period in service, as handling was sufficient to 
bend the fins. 

Cast copper can be used as a head material, but it is 
exceedingly difficult to cast, as is evident from the 
troubles with pure copper castings in the electrical in- 
dustries. Cast-copper heads are moreover unsuitable for 
aircraft purposes owing to their excessive weight. 

Sheet-copper finning can be used for barrel cooling of 
a cylinder of the type shown in Fig. 18, no attempt being 
made to fin or cool directly the crown of the head. Such 
design has, however, proved unsound. 

Steel has been used to some extent for stationary- 
engine cylinders and is practically universal for rotary- 
engine cylinders. Usually steel cylinders are machined 
from solid billets or drawn shells. Practical machining 
difficulties interfere with the production of any efficiently 
finned form of cylinder-head, except as regards mono- 
soupape types. The two-valve rotary-engine cylinder, 
with all its complicated machining on the head fins, gives 
poor results when operated as a stationary cylinder. 

The general design of steel cylinder has had circum- 
ferential fins on the barrel, a thick integral flat head en- 
tirely without finning, with the inlet and exhaust-ports 
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bolted on. <A typical type of this design is shown in Fig. 
18. Cylinders of this type have shown a relatively low 
mean effective pressure and a high fuel-consumption, in 
conjunction with excessive wall-temperatures. 

For the composite aluminum and steel aircraft cylin- 
der, the integral-fin open-ended steel barrel gives excel- 
lent results. The high strength allows of thin wall-sec- 
tions and thin fins that are capable of dealing with the 
relatively mild thermal conditions existing on the barrel. 

No consideration of bronze as a material for cylinder- 
heads or complete cylinders is warranted; it has been 
mentioned elsewhere that unsatisfactory results are ob- 
tained in spite of the high conductivity of the material. 
Bronze shrunk-in liners have been tried with aluminum 
cylinders and given better results thermally than steel, 
but rapid wear of the bore developed. 

It is the practice of the engineering division to use an 
extruded aluminum-bronze, containing 90 per cent of 
copper and 10 per cent of aluminum, for expanded or 
shrunk-in valve-seat inserts and spark-plug bushings in 
aluminum cylinder-heads. For these purposes this ma- 
terial has given excellent results. It has a relatively high 
coefficient of thermal expansion, from 75 to 90 per cent 
of that of an aluminum alloy and the strength and the 
hardness are not seriously reduced at operating tempera- 
tures. Aluminum-bronze rapidly hammer-hardens on the 
face of a valve-seat insert, producing a mirror-like hard 
surface that is extremely resistant to abrasion and 
erosion. 

Extruded aluminum-bronze is used also for studs in 
aluminum heads and largely eliminates the trouble of the 
studs unscrewing when hot, so frequently experienced 
with those made of steel. The burning-on of nuts to the 
studs is also eliminated. Aluminum-bronze can be used 
safely to replace steel studs carrying impact loads, as it 
has a remarkable resistance to alternating and impact 
stresses. 

In general, it appears that the conductivity of the 
cylinder-wall is of more importance than the conductivity 
of the fin itself. Cast fins, for production reasons at any 
rate, usually have to be made considerably thicker than 
is necessary purely from heat-flow considerations. In 
practice it has been found that increasing the wall thick- 
ness improves the performance. No case has yet been 
found with the type of cylinder investigated where the 
walls have proved too thick. An increase in the con- 
ductivity of the metal of the wall is equivalent to an 
increased thickness in a metal of lesser conductivity. 

To avoid distortion it is desirable to aim as far as 
possible at a symmetrical design laid out so that tem- 
perature or casting stresses will be minimum. The 
cylinder material, whatever it may be, should be in such 
condition and of such type that a minimum of distortion 
will develop in service. The theory that distortion is 
synonymous with overheating was accepted at one time 
by many in Europe. It is, however, far from being true. 
For instance, the Airco cylinder overheated when tested 
with an inlet-side blast, as is brought out in Table 3, but 
it did not distort; the R.A.E. 4A cylinder, although kept 
cool by an excessive fuel-supply, was always more or less 
distorted. 


TYPES OF CYLINDER 


Neither the L nor the T-head cylinder is worthy of 
much notice at this date. In my opinion a good side- 
valve cylinder, for either aircraft or automobile use, is 
decidedly superior to a crude overhead-valve design. In 
spite of years of effort the number of really efficient air- 
cooled side-valve cylinder designs in existence is prob- 
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ably under a dozen. Such efficient designs as exist are 
the result of protracted experiment; an overhead-valve 
design to produce equal or superior results can be pro- 
duced readily with practically no development. 

The side-valve cylinder has marked disadvantages in 
comparison with the overhead type. Combustion-cham- 
ber areas are relatively greater, equally efficient finning 
cannot be obtained, the temperature distribution is per- 
force much more uneven and distortion is much more 
likely to occur. Distortion is exceedingly difficult to 
avoid in side-valve cylinders. The inlet and exhaust 
ports usually distort the barrel, with the result that pis- 
ton contact is poor and the ring fit uneven. The valve- 
seats rarely remain true when hot, with the result that 
grinding-in the valves with the cylinder hot is resorted 
to at times. 

The side-valve design of necessity departs from the 
symmetry so desirable for an air-cooled cylinder. For 
equal class of design and development, the mean effective 
pressure of a side-valve cylinder is usually 20 per cent 
less than that obtainable from an overhead-valve type, 
with continuous full-throttle operation. A comparison of 
cylinders of equal size which is contained in the Internal- 
Combustion Engine Subcommittee of the British Advis- 
ory Committee for Aeronautics Report No. 24 gives, in 
my opinion, an average figure for the relative efficiencies 
of overhead and side-valve types. 

The R.A.E. 4A cylinder, a thin cast-iron L-head type, 
illustrated in Fig. 12, of 100-mm. (3.94-in.) bore and 
140-mm. (5.51-in.) stroke, with an overhead exhaust- 
valve directly over an inlet-valve fitted in a detachable 
cage, developed 85-lb. per sq. in. brake mean effective 
pressure at 1800 r.p.m. with a fuel-consumption of 0.67 
lb. per b. hp-hr. The R.A.E. 4C cylinder had a similar 
valve arrangement to that of the R.A.E. 4A, but had a 
cast-aluminum head and jacket, the head and the jacket 
only being shown in Fig. 13, with a shrunk-in steel liner. 
This design developed 85-lb. per sq. in. brake mean effec- 
tive pressure at 1800 r.p.m., with a fuel-consumption of 
0.57 Ib. per b. hp-hr., a reduction in consumption of 15 
per cent in comparison with the R.A.E. 4A cylinder. The 
R.A.E. 4D cylinder, illustrated at the left of Fig. 16, 
had a cast-aluminum head and jacket and a shrunk-in 
steel diner and was fitted with two inclined overhead- 
valves. At an early stage of its development this design 
gave 115-lb. per sq. in. brake mean effective pressure at 
1800 r.p.m., on a fuel consumption of 0.475 lb. per b. hp- 
hr., with a 4.7 compression-ratio. At a later stage with 
a 5.5 compression-ratio over 130-lb. per sq. in. brake mean 
effective pressure was obtained. In comparison with the 
R.A.E. 4C the R.A.E. 4D developed a 35-per cent higher 
brake mean effective pressure on a 17-per cent lower 
fuel-consumption. 

Some of the pros and cons of the various types of 
overhead-valve composite aluminum and steel aircraft- 
engine cylinder construction are considered below. The 
head cast on an integral-fin steel barrel possesses the 
advantages that 

(1) No machine-shop operations are required to fit the 

head to the barrel 

(2) It produces probably the lightest possible design 


Fig. 19 shows a cast-on head that failed in service; 
although the cylinder illustrated is of poor design, even 
the most highly developed types have not been immune 
from this trouble. The disadvantages of this type are 
that 


(1) Very high casting stresses are set up in the head, 
which are liable to cause failure in service and 
cannot safely be removed by annealing, as this 





Fic. 19—A 5% x6-IN. ALUMINUM CYLINDER 
The View at the Left Is a Side View of the Cylinder and Shows 
the Fracture That Occurred When the Cast-On Head Was Blown 
Off. The Illustration at the Right Is a View Looking Directly at the 
Bottom of the Blown Off Cylinder-Head 


would largely remove the shrink of the head on 
the barrel 
(2) The alloy in the head casting is in a state of in- 
stability owing to the lack of annealing 
(3) It is next to impossible to inspect the condition 
of the contact of the head with the barrel 
(4) Foundry difficulties are numerous; although in 
times of peace they can be overcome, the great 
care and supervision required are unsuitable for 
the stress of war time. The finished casting rep- 
resents but a very small percentage of the weight 
of the metal melted to produce it 
(5) Barrel production has to start before that of the 
heads and the complete cylinders 
(6) Removal of an unsound head casting from a barrel 
may scrap the latter 
(7) Damaged heads or barrels cannot be removed from 
one another in the field and new parts fitted to the 
sound portion 
(8) The finned steel barrel is somewhat expensive to 
produce and wastes a lot of material 
(9) Fitting of expanded or shrunk-in valve-seats is 
a poor production job with tilted valves 
(10) If a roof-type head be adopted, machining is dif- 
ficult 


The advantages of the bolted-on head are 


(1) Ease of production and assembly 
(2) Ease of replacement of damaged parts 


This type of head possesses the disadvantages of 


(1) Difficulty of maintaining pressure tightness at the 
joint between the head and the barrel; if any flame 
gets through, the head is burned out 

(2) Axial heat-flow from the head to the barrel is prac- 
tically non-existent. The cooling efficiency is re- 
duced and as a result head temperatures and fuel- 
consumptions are increased 


The points in favor of a screwed-on head are 


(1) Good production proposition in the foundry, with 
less remelting of runners and waste metal than is 
necessary with cast-on types 

(2) Contact between the barrel and the head is under 
control and inspection 

(3) Alloy is in a condition of stability and highest 
conductivity owing to annealing 

(4) Casting stresses are eliminated and replaced by a 
less severe and constant stress due to shrinking 


_— 
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but a defective head on a sound barrel cannot be 
replaced 


The construction in which the jacket and the head are 
cast on the liner is favored because 
(1) The liner can be produced from a thin tube, wastes 


little material and is cheap to produce in the ma- 
chine-shop 
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Fig. 20—SECTION OF AN ALUMINUM JACKET Cast ON TO THE 
CYLINDER LINING SHOWING THE PoOoR CONTACT BETWEEN THE Two 





(5) Machining of the ports, the inside of the head and 
the valve-seats and expanding or shrinking-in of 
the last, if thus fitted, is accessible 

(6) Barrel and head production start together and are 


concurrent of 
(7) Unsound head castings do not involve damage to wren ral ed ber 
the barrel sii let atlas 
(8) Damaged liners can be replaced with ease in field 
workshops 


Opposed to the foregoing advantages are the following 


(1) The finned steel barrel is expensive to produce and 
wastes material. Further, the threads on the bar- 


rel and in the head have to be held to close toler- Forged Sree! De 
ances eee 

(2) A fair amount of machine work has to be done on oree! Mou 
the barrel after it has been shrunk into the head, a 


aside from the grinding out of the bore. As the see 
starting point of the thread in the head and on the 
barrel cannot be controlled, barrels have to have 
location points and possibly holding-down bolt-holes 
machined after the head is shrunk-on. This means 
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AIR-COOLED CYLINDER DESIGN AND DEVELOPMENT 


Fitting of the head and the jacket is not dependent 
on machine-shop work 


Opposed to the foregoing advantages are 


se ee ‘ ‘ (1) The closed-end barrel is more expensive to machine 
The objections urged against such a design of cylinder than the open-end type used with a cast-on or 
are screwed-on head design 
(1) The state of contact between the casting and the (2) The state of contact of the head is unknown after 
liner is unknown. The contact is often very poor; a little service, and this contact is difficult or im- 
in some cases as little as 5 per cent of the inside possible to maintain. Flame-blowing between the 
surface of the jacket is in real metal-to-metal con- cap and the top of the barrel has been known to 
tact with the outside of the liner. Fig. 20 shows occur 
a portion of the inside surface of a cast-on jacket (3) Can only be used for flat heads 
and clearly indicates the poor contact; this view is (4) Gives a poor performance in comparison with cast- 
representative of this particular design and is not on or screwed-on spherical or roof heads 
an isolated instance (5) The valves are seated in the steel head and are 
(2) Sliding contact between jacket and liner is con- guided in the aluminum cap. The difference in the 
tinually occurring and eventually results in attri- coefficients of expansion of the two parts is liable 
tion as the sliding surfaces are oxidized to cause misalignment of the valves on their seats, 
(3) All heat delivered from the liner to the jacket has contributing to valve burning, warpage and leakage 
to pass a thermal gap, and a bad one at that, in- generally characteristic of this construction 
volving two oxide films (6) Owing to the relative expansion of the cap and 
(4) It is a poor production proposition in the foundry, the barrel due to the difference in the coefficients 
having all the difficulties mentioned for cast-on of expansion of the materials, either sliding must 
heads, and others in addition occur between the two contact faces or heavy 
(5) The weight of a steel liner with an aluminum jacket stresses be set up in the cap and the bolts attach- 


The type of cylinder construction in which the head 
and the jacket are an integral casting with a shrunk-in 


cast or shrunk-on is greater than that of a barrel 
with integral steel fins 


liner possesses the advantages that 


(1) The liner can be produced from a thin tube and is 
cheap to machine 
(2) The jacket and the head is a good production job 


The following objections are raised to this design of 


in foundry 


cylinder 


(1) 


(2) 


(3) 


(4) 


The advantages of the steel barrel with an aluminum 


The whole explosion load is taken through the 
jacket, the load being transmitted to four or more 
bolts. This arrangement requires a heavy jacket 
and even then is not satisfactory, for aluminum at 
the temperatures obtained has not proved suitable 
for the resulting heavy localized stress at the bolt- 
bosses. The cast-on or screwed-on head types 
transmit the explosion load from the head to the 
barrel and thence to the holding-down bolts, with 
practically uniform stress in the circumference of 
the head metal 

Unless a heavy liner is used, it is difficult to pre- 
vent distortion and lack of contact between the liner 
and the jacket. It is very difficult to prevent oil 
from leaking between the liner and the jacket, 
which causes a lack of contact owing to carboniza- 
tion. Oil leakage, with the resultant carboniza- 
tion, is much less serious with a screwed-on head 
than with a shrunk liner, as the fitting surface on 
a shrunk liner can be covered completely with car- 
bon, whereas the screwed-on head carbonizes only 
on the unloaded faces of the threads 

To eliminate oil leakage as far as possible the 
joint of the liner with the jacket should be made 
at the liner top. Owing to the difference in coeffi- 
cients of expansion of the materials of the liner 
and the jacket, much ingenuity is required to deter- 
mine the correct position in which to attach the 
holding-down bosses to the jacket so that the bolts 
may be under constant tension. Trouble occurs 
owing to the jacket deflecting at the holding-down 
bosses and locally distorting the liner 

The increase of weight with this construction is 
greater than that of the cast-on head and jacket 
type, owing to all explosion load being transmitted 
throughout the length of the jacket 


cap are 


(1) 
(2) 


The cap is easily fitted 
Pressure tightness is not dependent on fit of cap 


Fic. 
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weight per brake horsepower developed. Composite 





Fig. 24— 


PLAN VIEW 
ALUMINUM 


AND SECTIONAL 
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ELEVATION OF A COMPOSITE 
Two-CYCLE CYLINDE! 


The importance of axial heat-flow from the cylinder- 
head to the barrel is shown by the following tests con- 
ducted by the engineering division. The tests were car- 
ried out on two cylinders of identical design, except that 
one had a detachable bolted-on cast aluminum head and 
the other a cast-on aluminum head. The Type F detach- 
able head is shown in Fig. 21 and the Type D integral 
head is illustrated at the left of Fig. 6. The performance 
of the two designs under identical conditions with both 
rich and lean carbureter-settings is presented in Fig. 22. 

A comparison of the all-steel, the steel barrel with an 
aluminum cap and the steel barrel with a cast-on spherical 
aluminum head types will serve to show the merits of 
the designs. The cylinders were all of 5'2-in. bore by 
615-in. stroke and were tested” under similar conditions. 
The steel cylinder, see Fig. 18, had a flat steel head with 
two cast-iron exhaust ports and one aluminum inlet port 
bolted-on. The capped cylinder, which is illustrated in 
Fig. 23, used a barrel of the all-steel type and was fitted 
with a bolted-on cast-aluminum cap. The cast-on head 
cylinder shown at the right of Fig. 6, used a barrel 
similar to the all-steel and capped types, but with the 
head cut-off and an aluminum head cast-on. 

Under maximum-load mixture conditions the capped 
design developed 13 per cent less power on a 25-per cent 
higher specific fuel-consumption than the cast-on head 
type, and the all-steel type developed 13 per cent less 
power on a 32-per cent higher fuel-consumption than the 
cast-on type. While the all-steel cylinder was not of the 
most suitable design for the fitting of a cap, and better 
results both as regards power output and fuel consump- 
tion are obtainable from a cylinder initially designed for 
a cap, nevertheless, the comparison in general shows the 
relative value of the three types of design. 

Attempts to secure low cylinder-weight per cubic inch 
of capacity by the use of high-tensile material and thin 
sections usually result in a cylinder having a rather high 


6 See Proceedings of the Institution 


of Automobile 
vol. 14, p. 243. 


Engineers, 


aluminum and steel cylinders usually have a higher 
weight per cubic inch of capacity than the all-steel type; 
however, the weight per brake horsepower developed for 
normal cycle types has proved to be considerably lower. 

To design a 150-cu. in. cylinder to weigh not over 0.65 
lb. per b. hp. requires considerable care; weights us low 
as 0.55 lb. per b. hp. have been obtained with 70 to 100- 
cu. in. cylinders. In my opinion a reduction in the cylin- 
der weight per brake horsepower is most likely to be 
brought about by an increase in the brake mean effective 
pressure, principally as result of improved fuel, rather 
than by the use of improved metals. Cylinder weight, as 
here used, is that of the cylinder complete with valves, 
valve-gear spark-plugs and push-rods. 

TWwo-CYCLE CONSTRUCTION 

The two-cycle air-cooled cylinder is generally con- 
sidered to be almost of necessity prone to overheating and 
some consideration of the type is therefore justified. It 
is not surprising that the average two-cycle air-cooled 
cylinder should overheat, as it is usually a very light, 
thin and poorly finned cast-iron type. However, effi- 
ciently cooled cylinders for two-cycle engines are now 
produced. 

The use of aluminum perhaps is justified commercially 
for two-cycle cylinders for air-cooled motorcycle engines, 
for the cooling conditions on such engines are usually 
very arduous. With cast-iron combustion-chamber the 
carbon deposit is both more adherent and of greater 
quantity than with one of aluminum. A type of com- 
posite aluminum and cast-iron two-cycle motorcycle cylin- 
der is shown in Fig. 24. This was produced by casting 
an aluminum head on the barrel of the cast-iron cylinder 
originally ‘fitted to the engine. No exact performance 
data were ever obtained with this cylinder. However, 
during 6000 miles of use on the road no mechanical or 
thermal trouble developed and overheating did not oc- 
cur at any time, in spite of much use in mountain coun- 
try. The head was coated with a glossy black enamel 
that would burn at 550 deg. fahr., and the lack of over- 
heating was borne out by the perfect condition of the 
enamel at the end of the tests. 

Although in general it is poor policy to shunt design 
difficulties to the foundry by the use of cast-in liners, 
barrels and the like, there appears to be much justifica- 
tion for the design shown in Fig. 24, as it is, in the 
main, a simple foundry proposition and well adapted to 
die-casting. The casting stresses due to the barrel are 
not complicated by others arising from cast-in seat-in- 
serts or a non-symmetrical layout. The design of head 
finning is probably the most efficient obtainable for this 
type of cylinder. The head layout in this case is not suit- 
able for screwing-on. Efficient cooling is probably ob- 
tainable from heavy thick-walled cast-iron two-cycle 
eylinders. This, however, is conjecture, as I have not 
actually tested such cylinders. 


VALVE-SEAT INSERTS IN ALUMINUM CYLINDER-HEADS 


Valve-seat inserts are a frequent source of trouble in 
aluminum cylinder construction. Conditions require an 
insert that has a tight fit and good thermal contact with 
the cylinder-head metal when both are hot. The use of 
cast-iron or steel inserts is not good practice, regardless 
of how they are fitted, as the coefficients of expansion of 
cast iron and steel are only 30 and 40 per cent respec- 
tively of that of aluminum. Cast-iron or steel inserts 
if cast-in are very liable to cause blowing of the alumi- 
num surrounding the insert. Aluminum-bronze has, on 
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the whole, proved the most successful: for cast-in seat- 
inserts. 

Cast-in inserts are a poor production proposition in the 
foundry. They are exceedingly liable to shift on the 
core when in the mold and cause the bore of the insert to 
be eccentric with the outside when finish-machined. The 
cast-in insert of any material is prone to develop defec- 
tive thermal contact or to even come loose. Due to cast- 
ing shrinkage the insert initially may be tight in the 
cylinder-head when both the head and the insert are 
hot. As a result either of annealing in the course of 
production or of the gradual annealing that occurs in 
operation the casting shrinkage is ultimately largely re- 
moved. The less the difference is in the coefficients of 
expansion of the materials of the head and the insert, the 
greater will be the chance of a cast-in insert remaining 
tight. Aluminum-bronze cast-in inserts have on this 
account proved markedly superior to steel or cast iron. 
Cast-in inserts are an example of evading a design issue 
at the expense of the foundry. 

The expanded-in insert gives excellent results in an- 
nealed cylinder-heads. The amount of expansion re- 
quired has, however, to be determined experimentally in 
each case and is rather difficult to control. Shrunk-in 
aluminum-bronze inserts have been developed by the engi- 
neering division and given excellent results. Shrinking 
fits and temperatures are much more readily controlled 
and inspected than either casting-in or expanding. With 
shrunk seat-inserts the cylinder-head has to be machined 
partially, the inserts then shrunk in and the head reset 
for final machining, which is somewhat of a disadvan- 
tage. The shrunk insert, at least for inclined valves, is 
difficult to apply to other than bolted-on or screwed-on 
heads. It is possible with a shrunk-in insert and with 
known shrinking allowances and temperature conditions 
to be certain that good thermal contact always exists. 

The greater conductivity of bronze in comparison with 
cast iron or steel is a distinct advantage for an insert. 
While the radial effect is of little consequence, the in- 
crease of possible circumferential heat-flow within the 
insert may in some cases have a marked effect on the 
valve cooling, particularly where two exhaust-valves are 
used. In three or four-valve cylinders it is often notice- 
able that the points of clusest proximity of the exhaust- 
valves are considerably hotter than the most widely sepa- 
rated portions. 


EXHAUST-VALVE COOLING 


In general, exhaust-valve cooling has two distinct 
phases, cooling through the seat and cooling via the stem 
and the guide. If either be at fault, inspection when 
running on open exhaust will determine which is the of- 
fender. For efficient seat-cooling as effected by valve de- 
sign, I prefer a tulip valve with a thick rim, possessing 
greater circumferential conductivity than the flat-head 
valve, and the use of a wide valve-seat. The width of the 
valve-seat undoubtedly has a marked effect upon the heat- 
flow from the valve to the cylinder-head, as the intensity 
of the heat-flow will depend on the area of the valve in 
contact with the cylinder. The heat-flow from the valve 
to the cylinder will be affected to some extent by the load 
of the valve-spring; from this standpoint the greater 
the load the better. The Type J cylinder exhibits very 
good seat-cooling, and uses a wide valve-seat, the bore 
of the exhaust port being 24% in. and the top diameter 
of the seat 2 9/16 in. Valve-seat cooling in this cylin- 
der is as good as obtains in any water-cooled cylinder 
using a similar valve size and under all running condi- 
tions a dead black rim % in. wide is shown on the valve. 


Efficient stem-cooling is assisted by extending the 
valve-guide and guide-boss down as closely to the head 
of the valye as possible, and shrouding the guide with a 
heavy boss that is able to conduct away the heat ab- 
stracted from both the valve-stem and the exhaust gas. 
The cooling via the valve-stem is partly controlled by 
the sectional area of the stem and the area of the stem 
in contact with the guide. 

The Type J cylinder is of efficient design-as regards 
conducting the heat away from the exhaust-valve guide; 
however, the guide-cooling with the valve shown in Fig. 
25 has not proved as good as it might be. This cylinder 
initially had a 7/16-in. diameter exhaust valve stem and 
this was found to have insufficient area to carry away 
the heat from the head of the valve and insufficient sur- 
face to dissipate the heat from the stem to the guide ef- 
ficiently. As a result the stem overheated; further, the 
high-temperature zone extended too far up the stem. 
An increase in the stem diameter has improved the cool- 
ing to some extent. Partially as a result of the stem 
overheating, trouble has been experienced with break- 
age. 

Claims that the exhaust-valve cooling of air-cooled 
engines is equally as good as that of water-cooled en- 
gines may appear to be an exaggeration. Nevertheless 
such claims are not merely my personal opinion but can 
be confirmed readily by the engineering’ division. 

The effect of the mixture-strength on the exhaust-valve 
temperature is marked, and a reference to Fig. 26 shows 
that the maximum valve-temperature is obtained with 
approximately optimum mixture-strength, the tempera- 
ture diminishing with either a richer or a weaker mix- 
ture. With a badly cooled cylinder, however, it is not 
possible to run on the optimum mixture, as violent over- 
heating of the valve will occur on even considerably 
richer mixture-strength. The temperatures shown were 
obtained on an R.A.E. 4E cylinder of 100-mm. (3.94- 
in.) bore and 140-mm, (5.5l-in.) stroke, shown at the 
left of Fig. 16. The high temperatures developed were 
due to the cooling blast being directed on the inlet side 
of cylinder. 

With good valve-cooling it is possible to maintain a 
black rim on the valve-head under all conditions. With 
144-in. diameter valves the maximum temperature of any 
part of the valve should not exceed 1200 deg. fahr., and 
with valves up to 2% in. in diameter it is possible to 
avoid temperatures in excess of 1350 deg. fahr., although 
this is at times accomplished at the expense of fuel 
economy. In general, for air-cooled engines I prefer 
to avoid the use of exhaust valves in excess of 2-in. 
diameter. Internal valve-stem cooling by water or mer- 
cury has been used with success. However, in my opinion, 
equally efficient results generally can be obtained with 
less expense and complication by greater care in the 
cooling design of the cylinder body. The amount of oil 
reaching the combustion-chamber has a considerable in- 
fluence on the valve temperature, and an increase in the 
oil supply is often sufficient to reduce the exhaust-valve 
temperature to-the point at which reliability is obtained. 

There are several probable reasons why an air-cooled 
cylinder should have as good exhaust-valve cooling as a 
water-cooled cylinder. These are (a) the metal sections 
of the head and the valve ports have sufficient heat-flow 
capacity to carry heat to the cooler portions of the head; 
(b) the intensity of the heat-flow to the cooling me- 
dium is lower on account of the area of the attached 
fins; (c) with good design, the cooling medium surround- 
ing the exhaust-ports and the adjacent portions of the 
head is in a violent state of turbulence, and semi-stagna- 
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26—CHARTS SHOWING THE VARIATION OF THE EXHAUST-VALVE TEMPERATURE AT THE LEFT WITH VARIOUS 


MIXTURE-STRENGTHS AND AT THE RIGHT WITH DIFFERENT SPECIFIC FUEL-CONSUMPTIONS 


tion of the cooling medium, which may occur in a water- 
cooled engine, cannot well occur in an efficient air-cooled 
cylinder; (d) no equivalent of a steam-pocket can exist 
and local overheating does not result in practically com- 
plete failure of cooling at that point, such as occurs when 
a steam pocket develops in a water-cooled cylinder; (e) 
no equivalent of lime-salt deposits and resultant heat- 
insulation can occur; and (f) a parallel to an insulating 
film of steam does not exist. If a valve in an air-cooled 
cylinder runs cooler than a valve of equal size in a simi- 
lar water-cooled ‘cylinder, it is not unreasonable to as- 
sume that the exhaust port and the seat are cooler in 
the former. From observation it has been found that 
it is not possible to maintain a wetted surface with semi- 
stagnant water on metal at anything like the tempera- 
ures, 500 deg. fahr., developed around the exhaust-seat 
of an air-cooled cylinder. Water will remain almost 
quiescent and in apparently close contact with metal at 
500 deg. fahr. for a considerable time with little evident 
evaporation or transfer of heat from the metal to the 
fluid; a 50-per cent reduction in the temperature of the 
metal, however, will produce violent evaporation. 
Enclosing the valve-stems and the guides and lubricat- 
ing them with oil improves exhaust-valve cooling. This 
alone is sufficient ground for a positively lubricated 
valve-gear, apart from other obvious advantages. 


VALVE-GEARS 


Most designs of spherical-head cylinder necessitate 
valve-gears of rather freakish appearance. Two such 
examples, involving odd compound motions, are seen in 
the B.S.A. and Type J cylinders. It can only be said 
that such freakish gears have better mechanical proper- 
ties than appearance and really function with consider- 
able reliability. The motion in three planes, existing at 
the push-rod ball-end where it works in the rocker-cup, 
does not produce much trouble in practice. 

The use of an exposed push-rod valve-gear, in which 
lubrication is a matter of chance, is really crude in the 
extreme. Rocker-pivot lubrication can be made reason- 
ably satisfactory by special bearings and greases. The 
rocker ball-ends can be enclosed in gaiters. Provision 


can be made to maintain a constant tappet clearance by 
heating the push-rods or by mechanical clearance com- 
pensation. However, when all these provisions are 
made, the result compares poorly with that of a fully en- 
closed valve-gear, in which the valve-stems, the springs, 
the rockers and the push-rods are entirely enclosed and 
run in oil. A fully enclosed valve-gear avoids most of the 
objectionable shock, wear, noise and excessive change of 
tappet clearance and valve-timing encountered in the av- 
erage open push-rod valve-gear. The air-cooled engine 
cannot hope to compete with the high-class water-cooled 
engine, if it be equipped with a noisy and rapidly wear- 
ing valve-gear, requiring almost daily adjustment and 
lubrication. 
CONCLUSIONS 


There is a very general tendency to assume that air- 
cooling is suitable only for small cylinders. It may be 
well to quote the performance of the R.A.E. 19T cylinder, 
illustrated in Fig. 11, to show the extent to which the air- 
cooling of large cylinders has gone. This cylinder is of 
8-in. bore and 10-in. stroke, or of 502.6-cu. in. capacity, 
and has developed 129 b. hp., or 119.5-lb. per sq. in. brake 
mean effective pressure at 1700 r.p.m., with a fuel-con- 
sumption of 0.51 lb. per b. hp-hr. The cylinder was built 
to determine the possible limits of air-cooling and, al- 
though in my opinion it has at present little practical 
application, it has at least demonstrated that successful 
air-cooling is not limited to 50 b. hp. per cylinder. 

Fragility is a disadvantage of air-cooling as at present 
developed, the fins of a cast-iron automobile-engine cyl- 
inder of even the sturdiest design being relatively deli- 
cate in comparison with the cast-iron water-cooled block 
of an engine for similar use. There is little to choose, 
however, between the fragility of aircraft types if the 
composite aluminum and steel air-cooled cylinder be com- 
pared with the built-up all-steel water-cooled cylinder. 
In fact, the former, if anything, has the advantage, as 
detonation, preignition or vibration will often crack 
water-jackets but does not result in fin damage. It is 
not possible at present to produce air-cooled engines 
having the delightfully clean outline of such water-cooled 
engines as the Hispano-Suiza or Frontenac. 
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The design of air-cooled cylinders has suffered in the 
past much owing to compromise, this generally taking place 
at the expense of cooling efficiency, really the last feature 
that should be tampered with. To design an engine com- 
plete but for the cylinder, then design a cylinder to fit 
the engine body and finally endeavor to imagine how air 
can be supplied to the cylinders is a not unusual proceed- 
ing, and one that is not calculated to improve the faith of 
the general public in air-cooling. 


APPENDIX 1. 


EFFECT OF SPARK-PLUG POSITION ON POWER OUTPUT AND 
FUEL-CONSUMPTION 


Air-cooled cylinders are markedly sensitive to spark- 
plug position. The location of the plug in the combus- 
tion-chamber relative to the inlet and exhaust-valves and 
the location of the plug points relative to the cylinder 
wall are both of considerable importance. Both phases 
of spark-plug location have been the subject of consider- 
able research at the hands of Dr. A. H. Gibson’ and Dr. 
E. G. Ritchie at the Royal Aircraft Establishment. The 
general result of their investigations has been to show 
that (a) the plug should not be located so that the flame- 
wave will be projected against a red-hot exhaust-valve 
and (b) the plug points should be approximately flush 
with the cylinder-wall. The best location of the plug 
points relative to the cylinder generally has to be deter- 
mined for each design of cylinder; in some cases it is 
found that the best result is obtained with the points 
slightly pocketed; in other cases slightly projecting points 
prove best. 

Some results obtained with double-plug ignition on the 
Airco four-valve cylinder, see Figs. 1 and 9, are shown 
in Figs. 27 and 28. The tests were made on two cylin- 
ders of differing performance due to valve-seat insert 
material and contact and the two charts reproduced in 
Fig. 27 show the relation between the brake mean ef- 
fective pressure and the fuel-consumption for the two 
cylinders respectively with various combinations of plug 
position. The plug points were approximately flush with 
the cylinder-wall in all the tests. The two cylinders had 
one combination of plug position common to both, that of 
the two horizontal side plugs shown in the upper left cor- 
ner of Fig. 28, and this has been used to reduce to a com- 
mon basis the performance of both cylinders with various 
plug positions. The performance on maximum-load mix- 
ture of both cylinders with this plug position has been 
taken as a datum. For each cylinder the several fuel- 
consumptions and the brake mean effective pressures 


7™See Transactions of the Royal Aeronautical Society, No. 3 
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have been plotted as percentages of the corresponding 
values 0n maximum-load mixture with the common plug 
position. It will be noted from Fig. 28 that the values 
obtained with this plug position on both cylinders lie 
fairly close to the mean curve, which apparently justifies 
this method of reducing performance to a common basis. 
The method of reduction is open to objection but it is 
difficult to find any other that can be used. 

From Fig. 28 it appears that the use of two horizontal 
head plugs is decidedly the best. From this it seems 
that the plugs should lie on a common horizontal axis 
passing through the vertical axis of the combustion- 
chamber, and that the location of the plug axis should be 
such that neither plug can project a flame-wave against 
the exhaust-valves. Drs. Gibson and Ritchie found that 
the plug should be located so that the points will be swept 
alternately by the ingoing charge and the outgoing ex- 
haust, thus both cooling the points and burning-off the 
oil or the carbon. 

The unsatisfactory performance given with two in- 
clined head plugs was confirmed by tests on other cylin- 
ders of the same design, as well as by those used in the 
tests mentioned. Although quantitative figures were not 
obtained, it was found that switching from the two hori- 
zontal side plugs to the two inclined head plugs at once 
caused an increased detonation and a drop in the power 
output, this occurring over a wide range of mixture- 
strength. 

By obtaining comparisons of the effect of plug posi- 
tion from curves with the brake mean effective pressures 
plotted against the fuel-consumptions from the maxi- 
mum-load to the weakest possible mixture, although the 
latter was not determined for all plug positions, errors 
due to a single observation are in the main avoided, and 
the effect of any plug location is examined over a wide 
range of mixture-ratios. It is not contended that the 
results of these tests apply to other than this particular 
design of cylinder. Other designs, nevertheless, have in 
general confirmed the results reproduced in Fig. 28. 

APPENDIX 2 
INFLUENCE OF GAS VELOCITY THROUGH THE VALVES ON 
THE PERFORMANCE OF AN AIR-COOLED ENGINE 

The investigation described herein was undertaken to 
secure data on the effect of gas velocity on performance, 
in particular on that of air-cooled aircraft engine cylin- 
ders. The tests were carried out on Airco aircraft- 
engine cylinders (see Figs. 1 and 9) fitted up on an 
R.A.E. single-cylinder universal test engine. 

Owing to cooling difficulties, valve sizes such as are 
used on automobile engines are impossible on the high 
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Fic. 27—RESULTS OF SPARK-PLUG LOCATION TESTS ON THE AIRCO CYLINDER 
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AIR-COOLED CYLINDER DESIGN AND DEVELOPMENT 








efficiency air-cooled cylinder. In the three and four- 
valve types of cylinder, such valving as is used by some 
American water-cooled aircraft-engine constructors leads 
to serious cooling difficulties, the principal source being 
the bridge between the exhaust-valves. The development 
in Europe of the air-cooled cylinder of high output has 
resulted in the adoption of relatively small valves used 
in conjunction with high lifts. Attempts to valve air- 
cooled aircraft-engine cylinders, particularly of the three 
and four-valve types, on the proportions used for air- 
cooled racing motorcycle engines have resulted in failure; 
it is by no means uncommon to find the latter type of cyl- 
inder in the 30-cu. in. size fitted with four overhead valves 
of approximately 112-in. diameter in the port. Such de- 
sign is possible only with small cylinders and with en- 
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ance will be inferior to that of a good two-valve design of 
similar size. Large three and four-valve cylinders of the 
flat-head type have proved to be much less efficient than 
the two-valve spherical-head type. 

Several methods are in use as a basis for calculating 
gas velocities. One merely considers the mean velocity in 
the port, on a basis of filling or exhausting the cylinder 
during 180 deg. of crankshaft rotation. This method is 
crude, as no account is taken of valve-lift, this latter fac- 
tor having a considerable influence on the power output. 

A second method considers the mean velocity through 
a cylindrical annulus of a diameter equal to the bore of 
the mouth of the port and a height equal to the maximum 
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Fic. 28—EFrect of SPARK-PLUG POSITION ON THE POWER AND FUEL- 
CONSUMPTION OF THB AIRCO CYLINDER 


gines that do not run on full throttle for long periods. 
Experience tends to show that even for intermittent 
short bursts at full throttle, the engine having high gas 
velocities and good valve-cooling will give better power 
and performance than the type having a combustion- 


chamber consisting mainly of valves, and that, in spite 
of the marked advantages of overhead valves for air- 
cooled engines, their advantage is mainly lost if over- 
valving is attempted. In small cylinders the first-class /) 


L-head type will usually prove greatly superior to the 

overvalved overhead-valve type if any protracted full- 

throttle running is attempted. y 
Investigation to date indicates that for aircraft-engine S A Y YA 

cylinders the two-valve type is best for capacities of up \ V4 /\/ NI NA l} 

to 100 cu. in. and that beyond this size the four-valve sor eonatacee V 

type is superior; although two-valve cylinders of up to ZG . ° OSS 

160-cu. in. capacity have been built and given excellent ae y . CS 

results. The large two-valve type, however, is not as a ; 

rule suitable for speeds in excess of 1700 r.p.m., usually 

involving very high gas-velocities through the valves ana 

not giving nearly such a high performance as the best 

class of four-valve cylinders. Experience has shown 


that unless a four-valve air-cooled cylinder of up to 160- we. 30—Diacram SHOWING METHOD oF OBTAINING ANNULI AREAS 
cu. in. capacity is very carefully designed, the perform- GRAPHICALLY 
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valve-lift, this annulus being taken as constant through- 
out the period of filling or exhausting. The time of fill- 
ing or exhausting is taken as 180 deg. of the crankshaft 
rotation, the cylinder is assumed to be completely filled 
and the charge is assumed to be at normal temperature 
and pressure. This method takes no account of the mean 
valve-lift or of timing, both of which factors have a con- 
siderable influence on the performance. Cylinders hav- 
ing very small valves will usually show an improvement 
in the power output when an increase of the mean valve- 
lift is made without any change of the maximum lift. 
The same holds true as regards timing, very small valves 
with high gas-velocities generally requiring freak timing 
with long opening-periods to give the maximum per- 
formance. 

A third method considers the mean of the true areas 
in the annulus normal to the seat, the true time of open- 
ing and 100-per cent volumetric efficiency. In my opin- 
ion this method is the soundest, but is too cumbersome 
for general use as it involves a graphical layout to deter- 
mine the areas of the conical annuli from zero to the 
maximum lift. With this method annuli areas in excess 
of the net area in the throat, or the port area less the 
valve-stem area, are neglected. One result of studying 
this method has been to show some cause for the advan- 
tages in performance gained by the use of high-lift 
valves. It has been commonly supposed that high lifts 
involved overlifting, and that the gain was due to the 
increase of the average lift rather than from any useful 
effect of the maximum lift itself. However, graphical 
investigation of annuli areas has shown that with the 
small valve-diameters and high lifts employed, little over- 
lifting occurred. As a result the general formula for the 
conical annulus area given in most textbooks was exam- 
ined and found to be incorrect. This formula assumes 
that the diameter of the base of the cone increases with 
increasing lift; this, however, does not hold good with 
tulip valves where the tulip neck has a barely perceptible 
junction with the seat. The left portion of Fig. 29 shows 
a valve used as a 114-in. exhaust and inlet and a 1 9/16- 
in: inlet. In the latter case the base of the cone has a 
constant diameter equal to that of the port. As the 
tulip type certainly does not pass less gas than the flat- 
head type, it appears that the theoretical increase of area 
with the flat-head type of valve is of no practical mo- 
ment, and that the gas does not depart from streamline~ 
flow conditions and abruptly change its course around 
sharp corners to take advantage of sudden increases of 
area. The graphical method of obtaining annuli areas 
is shown in Fig. 30. The conical annulus as a basis for 
the calculation of area is cumbersome, as its relation to 
the cylindrical annulus of equal height diminishes pro- 
gressively with the lift. I consider that a reasonable and 
not altogether cumbersome basis for the estimation of ve- 
locity is that of the cylindrical annulus. This is supported 
to a certain extent by the fact that a 45-deg. seat valve, 
with less area in the annulus than either a flat seat or a 
80-deg. seat valve will, in overhead-valve cylinders, pass 
at least as much gas as either of the latter types at equal 
lift, showing that the reduction of area is balanced by 
the more nearly streamline-flow conditions. 

It is my view that the all-around best valve-seat angle 
for overhead-valve cylinders is 45 deg. The seat angle 
is considered to be most important in multiple-valve cyl- 
inders with pairs of valves in close proximity. The con- 
verging gas-streams with pairs of similar valves will 
meet less nearly head-on with 45-deg. seats than with 
flat or 30-deg. seats. 

The gas velocities for the cylinders used in the tests 


were worked out by three methods; (a) on the basis of a 
cylindrical annulus, the mean valve-lift and the time of 
opening; (b) on the basis of a true mean area of the 
annulus and the time of opening; and (c) on the basis 
of a cylindrical annulus with the valve held at full lift 
for 180 deg. of the crankshaft rotation. 
The particulars of the cylinders tested and the valve- 
timing are as follows: 
Bore of Cylinder, in. 54% 
Stroke, in. 6 
Volume of Cylinder, cu. in. 142.6 
Inlet-Valve Opens 10 deg. early 
Inlet-Valve Closes 45 deg. late 
Period of Inlet-Valve 2385 deg. 


Exhaust-Valve Opens 55 deg. early 


Exhaust-Valve Closes 15 deg. late 
Period of Exhaust-Valve 250 deg. 
Basic Speed, r.p.m. 1,800 
Time Inlet-Valve Is Open, sec. 0.0218 
Time Exhaust-Valve Is Open, sec. 0.0232 
Case 1 

Two 1 9/16-In. Inlet-Valves 

Maximum Lift, in. 0.590 
Mean Lift, in. (see Fig. 31) 0.361 
Area of Both Annuli=2 X 1.5625 x 3.14 x 0.361 = 

3.54 sq. in. 


Velocity in feet per second equals the cylinder capacity 
in cubic inches divided by 12 times the product of the 
time of opening in seconds and the area of the valve- 
opening in square inches. Substituting numerical 
values, we have 

V = (142.6) — (12 « 0.0218 X 3.54) — 154 ft. per sec. 


Case 2 

Two 1 9/16-In. Inlet-Valves 

Maximum Lift, in. 0.590 
Mean Annulus Area, sq. in. (see Fig. 31) 2.420 


V = (142.6) + (12 x 0.0218 X 2.42) = 225 ft. per sec. 
Case 3 : 
Two 1 9/16-In. Inlet-Valves 
Maximum Lift, in. 0.590 
Opening Area = 2 X 1.5625 x 3.14 X 0.59 = 5.79 sq. in. 
Time of Opening at 1800 r._p.m.= % revolution 

= 1/60 sec. 
V = (142.6 x 60) + (12 X 1X 5.79) = 123 ft. per sec. 


It is concluded that the first basis of cylindrical annu- 


‘lus, mean lift and true time of opening is the most useful 


method and the figures given in Table 10 are thus ob 
tained, while the figures derived from the other two 
methods used are included for the purpose of comparison. 

The tests were all carried out with constant conditions 
of blast speed, compression-ratio, valve-timing, character 
of fuel, oil temperature, and oil supply. The same inlet 
and exhaust-cams were used throughout. Unfortunately, 
the rockers used when only one valve of a similar pair 
was in operation had a different multiplication than that 
used when both valves were working. 

The Claudel carbureter employed was fitted with a 
variable jet by which the fuel supply was adjusted in 
each test to give the weakest mixture that would develop 
the maximum power. The fuel-consumption figures are the 
least satisfactory portion of a somewhat ragged investi- 
gation, as on a single-cylinder engine fitted with a very 
heavy flywheel it is a matter of some difficulty to spot the 
exact maximum-load mixture. Further, the use of one 
large carbureter for both inlet-valves is not altogether 
satisfactory when one valve is cut out. A carbureter for 
each inlet port would doubtless be much more suitable. 

The tests were carried out on two cylinders which had 
slightly differing performances. The cylinder with the 
19/16-in. inlet and the 114-in. exhaust-valves had an in- 
ferior performance at speeds above and below 1700 r.p.m., 
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Fic. 31—INLET-VALVE Lirr DIAGRAM FOR A 1%-IN. VALVE 


The Maximum Lift of the Valve was 0.590 In., and the Mean Lift 

Was 61.1 Per Cent of the Maximum or 0.361 In The Mean Area 

Through the Annulus was 1.21 Sq. In. and the Net Area in the 
Throat Was 1.81 Sq. In. 


this being due to the fact that the cast-in valve-seat 
inserts were loose when the cylinder was hot, which 
caused leakage at the lower speeds and hotter exhaust- 
valves, due to the reduced heat-flow from the seatings to 
the cylinder-head, at the higher speeds. With all four 
valves in operation, this design of cylinder always devel- 
oped its maximum brake mean effective pressure at 1700 
r.p.m., irrespective of mechanical defects, fuel, timing 
and the compression-ratio used; and it is noticeable that 
the performance at this speed differs only slightly be- 
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Fie. 32—RESULTs oF TESTS MADB WITH VARIOUS SIZES AND CoOM- 
BINATIONS OF INLET AND EXHAUST-VALVES 
The Results of These Tests Are Presented in Table 10 


ENGINEERS 


tween the two cylinders. The figures given in the table 
represent the average of a number of tests. « 

The fuel employed was a mixture of 80 per cent by 
volume of American aviation gasoline with 20 per cent 
of benzol having a specific gravity of 0.88, the specific 
gravity of the mixture being 0.74. Castor oil was em- 
ployed for lubrication. The Claudel carbureter was 
equipped with a 44-mm. (1.73-in.) choke and a Type Z 
diffuser. The compression-ratio was 5.1 to 1 and the 
blast, which had a velocity of 87 m.p.h., was applied on 
the exhaust-side of the cylinder. 

The valve diameters in every case are the clear diam- 
eters in the ports. The power readings are all maintained 
values and not snatch readings. Both the brake-horse- 





power and the brake-mean-effective-pressure readings 
4 
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Fic. 33——-INLET-VALVE LiFT DIAGRAM FOR A 1; AND A 1%-IN. VALVE 
The Maximum Lift of Both Valves Was 0.530 In. and the Mean 
Lift was 61.1 Per Cent of the Maximum or 0.324 In. The Mean 
Area Through the Annulus for the 1;-In. Valve was 1.12 Sq. 
In. and 0.95 Sq. In. for the 1%-In. Valve The Net Areas in the 
Throat for the Two Valves Were 1.81 and 1.37 Sq. In. Respectively 


are corrected to a barometric pressure of 29.9 in. of mer- 
cury and an air temperature of 59 deg. fahr. The cyl- 
inder-head temperatures were taken at TH., the hottest 
point on the head, and the exhaust-port temperatures 
were taken at the point T,, the location of these points 
being shown in Fig. 1. All temperature readings are in 
fahrenheit degrees and are the values above the air tem- 
perature. 

For an air-cooled engine the results appear to indi- 
cate that 


(1) The exhaust and the inlet-valves should be of ap- 
proximately equal diameter and have equal lifts 
(2) A mean gas-velocity through the valve annulus of 
from 140 to 160 ft. per sec., as calculated on the 
first of the three previously mentioned bases, seems 





TABLE 11—TESTS OF AN AIRCO CYLINDER 


Speed, r.p.m. 1,700 1,900 
Power Developed, b. hp. 42.2 46.5 
Brake Mean Effective Pressure, lb. per 

sq. in. 138 136 
Fuel-Consumption, lb. per b. hp-hr. 0.56 0.56 
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Fic. 34—EXHAUST-VALVE LIFT DIAGRAM 


VALVB 
The Maximum Lift Was 0.590 In. and the Mean Lift was 61.5 Per 
Cent of the Maximum or 0.363 In. The Mean Area Through the 
Annulus for the 1%-In. Valve Was 1.19 Sq. In. and 1.01 Sq. In. for 
the 1%-In. Valve. The Net Areas in the Throat Were 1.66 and 
1.37 Sq. In. Respectively 


FOR A 1144 AND A 1%-IN. 


to give the maximum performance with valves of 
between 1% and 1% in. diameter. 


The first conclusion has exceptions, as in large two- 
valve cylinders the exhaust-valve is often made smaller 
than the inlet for valve-cooling reasons with satisfactory 
results. Such an arrangement usually requires an exces- 
sive exhaust-opening period to produce the best results, 
in spite of running generally at a somewhat lower speed 
than the four-valve type. 

Experience tends to show that with an increase of 
the valve size the velocity through the annulus can be 
increased considerably without affecting the brake mean 
effective pressure. This is probably due to the decrease 
in friction in the port, owing to the increase of the ratio 
between the port-area and the maximum area in the 
annulus, as is brought out in some later remarks on 
the Type J cylinder. A large two-valve cylinder, having 
gas velocities approximating those of the four-valve 
type used in the tests, is very difficult to produce suc- 
cessfully. Large valves, if crowded into the combustion- 
chamber, will result in cooling troubles, and a decrease 
of the gas velocity by an increase of the lift beyond 
5% in. generally results in severe mechanical difficulties. 

The conclusions arrived at are all obtained from 
single-cylinder tests in which large carbureters were 
used, with the result that the point of maxjmum torque 
was not materially affected by manifold-depression. 
Assumptions as to the most efficient gas-velocity from 
multi-cylinder engine performance may prove mislead- 
ing on account of the large variations in the manifold- 
depression on different engines. 

It is not contended that the results are by any means 
quantitative or more than a general guide. However, it 
is considered that the possibilities of the relatively small 
valve with high lift are indicated. That small valves are 
no barrier to high brake mean effective pressures is 
shown by the performance obtained with the Airco cylin- 
der at a later stage of development, when the results 
given in Table 11 were obtained. This cylinder had 
two 114-in. exhaust and two 1 9/16-in. inlet-valves. The 
compression-ratio was 5.3 to 1. No case of burnt valves 


occurred in several hundred hours testing on this type 
of cylinder. The only valve trouble experienced was the 
shearing of the rim of the exhaust-valve due to loose 
valve-seat inserts, and even in this case the trouble did 
not develop until after well over 100 hr. of full-throttle 
running per valve. 

The type of tulip valve used in the tests is shown at 
the left of Fig. 29, the material for the valves being 
13-per cent chromium steel. This drawing shows the 
general proportions of the valves used in air-cooled 
cylinder development at the Royal Aircraft Establish- 
ment, these being similar to those used in some of the 
best British water-cooled engines. I have used the 
results of these tests as a basis of valving for the design 
of new cylinders with a fair degree of success. 

The brake-horsepower results shown in Table 10 are 
plotted against the speed in Fig. 32. The lift diagrams 
for all the sizes of valve used with various maximum 
lifts and timing are reproduced in Figs. 31, 33, 34 and 
35. The inlet and exhaust cams used for all tests are 
illustrated at the right of Fig. 29. 

Since the tests described were written up, others have 
been carried out on the Type J cylinder shown in Fig. 
7 by the engineering division and are of interest as they 
tend to confirm the possibilities of relatively small valves 
with high lifts for air-cooled cylinders. The cylinder, 
which was of 5%-in. bore and 6%%-in. stroke and had 
a capacity of 161.5 cu. in., was fitted with one 2%-in. 
inlet-valve and one 214-in. diameter exhaust-valve, both 
having a hot lift of 0.59-in. The compression-ratio was 
5.3 to 1 and the blast velocity 90 m.p.h. The fuel was 
an 80-20-per cent gasoline-benzol mixture. 

It is of interest to note that this cylinder is of 18-per 
cent greater capacity than the Liberty engine cylinder 
and has a similar size of inlet-valve and an exhaust-valve 
of 14-in. less port diameter. In spite of the fact that 
the exhaust-valve is smaller and yet passing consider- 
ably more gas, and that the cylinder is air-cooled, the 
exhaust-valve cooling is at least as good as that of the 
Liberty engine, when running on a single-cylinder engine 
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35—EXHAUST-VALVE Lift DIAGRAM FOR 15, 114 
VALVES 


AND 1%-IN. 


The Maximum Lift Was 0.530 In. and the Mean Lift Was 61.5 Per 
Cent of the Maximum or 0.326 In. in All Cases 


ee ee 1% 1% 1» 
Mean Area through Annulus, sq. in.. 0.97 1.11 1.15 
Net Aréa tn Throat, 06, OP. ..6cccess 1.37 1.66 1.81 
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at a similar brake mean effective pressure, compression- 
ratio and fuel-consumption. 
It will be noted that from Table 12 the gas velocities 


TABLE 12—TEST OF A TYPE J CYLINDER 


Speed, r.p.m. 1,450 1,550 1,650" 1,750 1,850 
Power Developed, b. hp. 38.1 41.2 44.1 46.8 48.7 
Brake Mean Effective 

Pressure, lb. per sq.in. 128.8 130.2 131.1 131.1 129.1 
Fuel-Consumption, ap- 

proximate, lb. per b. 

hp-hr. 0.56 0.56 0.56 0.56 0.56 
Gas Velocity ‘through 

Intake,” ft. per sec. 149 159 169 179 189 
Gas Velocity through 

Exhaust,” ft. per sec. 157 167 178 189 200 
" Normal speed 

Calculated on the basis of Case 1. 


LETTER BALLOT ON 


HE March 1922 issue of data sheets for the S.A.E. 
HANDBOOK was sent to the members last month. These 
data sheets contained, with the exception of the recom- 
mendation for Engine Numbers, the standards and recom- 


mended practices revised in accordance with the recom- 
mendations of the Stendards Committee printed on page 383 
of the December 1921 issue of THE JOURNAL and on page 121 
of the February 1922 issue of THE JOURNAL and adopted by 
letter ballot of the voting members of the Society on March 
re. 

The Council authorized the withholding of the recom- 
mendation on Engine Numbers from publication in the 
S.A.E. HANDBOOK, owing to the fact that the proposed 
method of numbering engines so as to facilitate identifying 
stolen automobiles had failed of its purpose, numbers stamped 
in accordance with the proposed method being too susceptible 
to alteration by comparatively simple means. 

Among the criticisms submitted in the letter ballots were 
some from members who had not thitherto indicated that 
they were opposed to the recommendations, although they 
had been published in THE JOURNAL before. Many of the 
objections had been given adequate consideration previously 
by the Divisions when formulating the 
mendations. 

Recommendations of Divisions are not voted upon for final 
adoption by the Members until they have been published at 
least once and generally twice in THE JOURNAL. Further- 
more, information is published under the heading, Current 
Standardization Work, each month in THE JOURNAL as to the 
work in progress. This should enable members to keep in 
close touch with the work of the Standards Committee. Ob- 
jections to any of the recommendations should be submitted 
by letter to the Society after the issuance of THE 
JOURNAL containing the respective Division reports, making 
it possible for objections to be considered by the proper 


respective recom 


soon 


Divisions or brought up for discussion at the Standards 
Committee Meeting. 
Letters containing such criticisms are referred to the 


Standards Department, which carries on the secretarial work 
for the Standards Committee, and are edited and stenciled, 
enough copies being made for all the members of the Division 
or Divisions interested. If it is possible to handle the 
criticism by correspondence, comments are requested from 


Division members and these, when received, are distributed 
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are very high and the performance by no means poor 
for a cylinder of this size, whether water or air-cooled. 
The timing used is of an extreme character, the inlet- 
valve opening 23 deg. early and closing 59 deg. late while 
the exhaust-valve opens 75 deg. early and closes 20 deg. 
late, and is not of the type likely to give very good idling, 
but was found by experiment on a similar design of cylin- 
der to give the best all-around performance at full power. 

The power and the brake mean effective pressure re- 
sults are corrected only for the barometer. The mechan- 
ical efficiency of the single-cylinder test engine was about 
84 per cent in this test and the results have not been 
corrected up to a more normal mechanical efficiency. It 
will be noted from Table 12 that the gas velocities within 
the speed range shown are somewhat below that at which 
a marked reduction in the brake mean effective pressure 
became apparent on the Airco cylinder. This velocity 


by interpolation was approximately 220 ft. per sec. 


ADOPTION OF STANDARDS 


among all the Division members with the request tha ey 
review them and indicate what action they believe should be 
taken. A letter ballot is generally enclosed to facilitat nis 
proceeding. If the matter cannot be handled by correspond- 
ence, a Subdivision is appointed to review the criticism or 


it is scheduled for discussion at the first Division meeting. 
Objections raised by Society members are, of course, 


very careful consideration. 


given 


The complete vote on the recommendations is tabulated 
below. The first column gives the number of affirmative 


votes; the second column, the negative votes: and the third, 


the number of members who did not vote either way. 
Ni + 
Subject Yes No Voting 
Tachometer Drive 107 0 22 
Annular Ball Bearings 198 0 134 
Roller-Chain Sprocket-Cutters 122 0 210 
Roller Chains 125 1 201 
Insulated Cable 155 l 17! 
Starting-Motor Flange Mountings 183 2 147 
Flexible Steel Conduit 160 1 171 
Non-Metallic Conduit 156 0 176 
Carbureter Flanges 169 1 162 
Engine Numbers 165 9 158 
Fan-Belts and Pulleys 165 3 164 
Mufflers 159 5 168 
Running-Board Brackets 144 3 18: 
Iron and Steel Specifications 140 ] 19] 
Bases, Sockets and Connectors 159 0 173 
Lamp Glasses 163 0 169 
Tail-Lamps 163 ] 168 
Non-Ferrous Metal Specifications 170 0 16 
Rod-Ends 189 0 143 
Taper Fittings 183 1 148 
Water-Pipe Flanges 177 0 155 
Lock-Washers 197 2 133 
Passenger-Car Door-Handles 116 0 216 
Passenger-Car Doors 119 0 21 
Rubber Bushings 124 0 208 
Wiring for Beads 121 1 210 
Body Nomenclature 137 2 193 
Pressure-Gage Connections 177 0 155 
Tractor Drawbar Height 99 3 230 
Transmission Tire-Pump Mounting 177 0 156 
Clutch Facings 176 1 155 
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CHARGE FOR TRANSACTIONS DEFERRED 


ACTION TAKEN BY COUNCIL AT ITS MARCH MEETING 
DISTRIBUTION RESTRICTED TO MEMBERS ORDERING COPIES 


TTENTION was called in the February issue of THE JOURNAL to 
A the action contemplated with regard to eliminating unjustifiable 

expense in connection with the printing and distribution of certain 
publications of the Society. At its meeting held in March, the Council, 
in view of sentiment expressed by some of the members, decided, under 
authority granted by the Constitution, to restrict the issuance of the 
TRANSACTIONS for the last half of 1920 and for the years 1921 and 1922 
to members ordering them. 


MOTT TULL LULL 


HNYVTUTGHNN0NNEEOUUUQONORENOEOOONEEDOOOUOQOQONOOOEOUOUUOOGOOT RUE AUEEUOUE ETHAN 


PUUvONNNTNATNS 


It was considered that this action will meet any implied obligations as 
a result of statements in membership literature of the Society. The 
Council, nevertheless, feels that inasmuch as the TRANSACTIONS are a 
duplication of matter published in THE JOURNAL, the free distribution of 
both permanently would be unjustifiable, and therefore beginning with 
Part I of Vol. 18 (1923) a nominal charge of $2 per part of TRANSACTIONS, 
to cover the expense of publication, will be made to those members who 
still desire them. The charge to non-members, except in the case of cer- 
tain public and engineering libraries and Government bureaus, is $10. 

Part II of Vol. 15 (1920), the two Parts of Vol. 16 (1921) and the two 
Parts of Vol. 17 (1922) will be sent without charge in addition to respec- 
tive dues to members requesting them within 60 days of notice to order, 
which will be given in due course in all cases. A notice of the time to 
order Part II of 1920 TRANSACTIONS was mailed the members last month. 
A request form is also printed on the following page hereof. 


There has been no increase in the amount of specified annual dues, com- 


the Society in the past 16 years from a body of 100 or 200 to a world-wide 
organization of approximately 5500 members. Meantime the publications 
and the service afforded the members have increased greatly in kind and 
quantity. Originally practically the only publication furnished the mem- 
bers was the old-style TRANSACTIONS. Then the S. A. E. HANDBOOK was 
inaugurated, this being a semi-annual publication carrying no extra charge, 
for which, so far as is known, there is no parallel among engineering 
societies. In addition the Bulletin was instituted, this having been super- 
seded several years ago by THE JOURNAL. Sections of the Society have been 
organized in increasing number. Recently the Research Department, 
which obviously will be of much value to the members, was established. 
For many years the Standards Department has been maintained and en- 
larged steadily in scope. 

The cost per member for the work of the Society now exceeds $30 a 
year, excluding the cost of advertising and miscellaneous sales and mem- 
bership-increase activity. The annual dues average less than $15 per 
member. The furnishing of the next five Parts of the TRANSACTIONS to 
the members without extra charge probably means that the reserve funds 
of the Society will have to be drawn upon to a considerable extent. 
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Special Notice 


TRANSACTIONS, PART II OF VOL. 15 (1920). 


To Those Who Paid Dues for the Second Half of the Fiscal Year | 


Beginning Oct. I, 1919: 


The Council has directed that members shall be charged two dollars ($2) per Part of 
Transactions of the Society, beginning with Part I of Vol. 18 (1923). For further information 
on this matter see page 261 this issue of THE JOURNAL 


Part II of Vol. 15 (1920), the two Parts of Vol. 16 (1921) and the two Parts of Vol. 17 
(1922) will be sent, without charge in addition to payment of respective dues, to members on 
request, if request is received by the Society within 60 days from date of notice to order. 


\ notice to order Part II of 1920 Transactions was mailed to the members on March 20. 


1922. 
The printing order will be based on the number of copies ordered by the members. 
4 ; 


Copies cannot be guaranteed to members who do not order them on or before 


May 20, 1922 


If you want a copy of Part II of the 1920 Transactions and have not already sent an order 
for the same to the office of the Society, please tear out and mail the coupon printed below 
promptly. 
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A Service-Man’s Critical Estimate of 


Automotive 


Engineering 


By B. M. Ixrrt! 


CHICAGO SERVICE MEETING PAPER 


A FTER generalizing on the need for greater con- 

sideration in automobile design for service and 
maintenance requirements, the author discusses the 
accessibility of car parts,at some length with the idea 
of pointing out difficulties encountered by service-sta- 
tion mechanics when parts are inaccessible, this having 
a bearing also on the length of time required for re- 
pair work and the consequent increased cost to the car 
owner. 

Specific instances are given and illustrated in which 
improvements in design could be made to obviate 
trouble. These are inclusive of cylinders, cylinder 
blocks, pistons, bolts, cap-screws, nuts, valves, dash- 
board instruments and general take-up adjustment. 
Special emphasis is placed upon certain inaccessible 
parts that necessitate excessive dismantling. 


4 


of automotive vehicles that designers are giving more 

attention to accessibility of the units in the modern 
motor car. We are beginning to see the day when car 
parts will be so accessible that one unit can be removed 
readily without necessitating the disturbance of other 
units. The time will come when a car owner will not be 
required to pay a bill of some $35 to have a 10-cent Wood- 
ruff-key put into a shaft and gear. Cars now are being 
built so that a relatively inexperienced mechanic can make 
_a coupling replacement on a magneto or distributor drive 
without danger of upsetting the timing. It must be made 
possible for a mechanic to get at a repair job in a normal 
working position in the cars to come, as against a condi- 
tion requiring him to twist his body and arms into almost 
unbelievable shapes. Operations that formerly required 
4 hr. to do must be cut in half. It may mean only the 
changing of the position of a bolt to make it more ac- 
cessible, or the provision of a little more room between 
any two units to allow a mechanic to get at the parts. 

Much has been said and written of late about the fixed 
price or flat-rate system of selling service to the car 
owner. It is not within the province of this paper to 
discuss the flat-rate system, except, perhaps, to mention 
that it is rapidly getting a good foothold throughout the 
Country and it would not be surprising to see it used 
universally within the next 3 or 4 years. However, it is 
certain that the general adoption of the flat-rate system 
can be hastened greatly if automotive engineers and car 
builders will design and build their cars so that justifi- 
able prices can be established readily for any given oper- 
ation. 

One of the chief difficulties with many of our cars at 
present is that on a comparatively insignificant repair 
job many hours of labor are required to remove and re- 
place units before the job itself can be done and the car 
turned over to the owner. Under such conditions it is 
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is gratifying to those engaged in the maintenance 


Editor, Motor Age, Chicago 





Illustrated With Drawincs 


extremely difficult for a service-station to establish a 
fixed price that seems commensurate with the nature of 
the job. How, for instance, can a service-man explain 
to a car owner that 23 hr. of labor was necessary to take 
up the wear in a rear main-bearing on one of the popular- 
priced cars, whereas it should be but a matter of about 
3 or 4 hr. ordinarily? The time element in making re- 
pairs is important. Very often, the parts to be installed 
cost only $1 or $2, but the time required to install them 
is so great that the price for the work is out of propor- 
tion. One finds frequently in analyzing this situation 
that the car makers could so materially reduce the time 
element for service operations on their cars, by spend- 
ing a few cents more per car, that automobile dealers 
and service-men would not need to resort to all sorts of 
means in trying to keep customers satisfied with their 
cars. Interference of parts has been the chief obstacle in 
getting certain repair jobs down to a reasonable time- 
basis, and many a service manager has had to make an 
endless amount of explanation for this to some irate car 
owner. Someone has said that “Knowledge of the other 
fellow’s job leads to a better mutual understanding.” 
Perhaps there is a direct application of this in the case 
of the automobile engineer and the automobile-dealer’s 
service-man. The easiest thing for the service-man to do 
is to antagonize the product of the engineer and, like- 
wise, it is easy for the engineer to criticize the service- 
man for his apparent lack of ability to do repair work 
properly. Both are right at times. 

All of us realize that there are many intelligent service 
mechanics in the automotive business, men to whom auto- 
mobile dealers are indebted for holding the good-will of 
their customers. Many of these men have enough 
engineering knowledge to be able to analyze the faults in 
a car intelligently and do it in such a way that the owner 
of the car will not be completely disgusted over having 
bought it. Service mechanics have to tear-down and re- 
build cars day in and day out and, in the course of their 
work, they naturally come into contact with certain 
things in the construction of cars that are troublesome. 
A mechanic of great experience said a short while ago 
that the best thing the factories ever had done for the 
dealers’ service departments was to make good liars out 
of the men employed therein. Perhaps this man over- 
stepped the mark somewhat; his point was that the me- 
chanics, while they realized well enough the faulty con- 
struction or inaccessibility of certain units, would not 
and could not tell the car owner about them for fear of 
putting future sales in jeopardy. 


ACCESSIBILITY 


It is impossible in a paper of this kind to consider the 
entire structure of a motor car and attempt to cite good 
and bad points of design as they affect accessibility in 
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repair work. It is realized fully that to change existing 
constructions on some of our cars would mean almost a 
complete retooling of the factory; the installation of new 
jigs, fixtures, dies and the like. Therefore, any criticism 
in the following paragraphs which may be directed at 
engines or cars is offered with this point in view. The 
major thought is to indicate the things of which service- 
station mechanics complain most frequently, when they 
have to tear-down or reassemble any of the units. It is 
likely that we shall never have 100-per cent accessibility 
in our cars. A motor car is made up of just so many 
necessary units and, if we make some certain one ac- 
cessible, this probably will have been done at the expense 
of the accessibility on some other. Also, certain units may 
seem very accessible at the time of assembling the chassis 
in the factory but, when body and fenders are added, the 
reverse is true. It is this condition with which the 
service-station has to deal. Recently, I looked at an en- 
gine that was very accessible out of the car and when in 
an engine stand but, when in the car, the engine was 
hung so low and had so many accessories heaped around 
it, such a multitude of wires, control rods, carbureter hot- 
air pipes and the like, to obstruct the movements of the 
mechanic, that all the efforts of the engine designer to 
get accessibility were nullified. 

Some 25 items peculiar to a considerable number of 
American cars are touched upon in the following para- 
graphs. These were chosen at random and exist in vary- 
ing degree on other makes of car. Some of the things 
discussed cannot be classed under the general head of 
either accessibility or inaccessibility, and yet they are 
problems with which the service mechanic must come into 
contact more or less every day. 

Opinion has been prevalent among repair-men, service 
mechanics and cylinder regrinders during the last year 
or so, that the blocks have not been allowed to age enough 
before machining them. The same is true of cylinder- 
heads. Naturally, the result is a warping of these parts 
when the car is put into use. The chief offenders along 
this line seem to be the six-cylinder engines, wherein the 
blocks are fairly long and therefore apt to distort more 
than would be the case with a shorter block. Those who 
are called upon to do much cylinder work in service- 
stations state that one of the chief difficulties with the 
small six-cylinder engine is the ineffective cooling of the 
eylinder walls at certain points. Referring to Fig. 1, 
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it is seen that the water surrounds cylinders Nos. 1, 3, 


4 and 6 more completely than it surrounds Nos. 2 and 5. 
The result is that the metal of the walls at the points 
A, B, C and D gets hotter in proportion to the other 
parts of the walls; consequently, it is apt to buckle 
slightly. This condition is made more aggravating in a 
green block, and a service-station mechanic obviously has 
much difficulty in trying to solve such a problem when the 
car probably has not gone over 1000 miles. This, then. 
is a case in which the manufacturer must do his part, 
either by sufficient aging of the blocks or by heat-treat- 
ing them, which is costly. A service-station mechani 
may be ever so good a workman, but he can do little with 
a twisted or distorted cylinder-block and, what is worse, 
he has a harder time trying to explain matters to the 
customer. 
PISTONS 


In some engines the pistons do not come slightly out 
of the bores at their top and bottom positions of the 
stroke, and there is a tendency at times for the pistons 
to wear shoulders in the top and the bottom of the bores 
as shown in Fig. 2. The wearing of these shoulders is 
accelerated when the piston cocks in the cylinder, due to 
warpage, misalignment and other causes. Some engine 
designers are fitting longer pistons to offset this and, in 
addition, they are bringing them above and below the 
cylinder bores. Further, it is claimed that bringing the 
piston below the bore offers a good chance for excess oil 
to be whipped-off of the piston-skirt. Naturally, the ser- 
vice mechanic is not in a position to change existing de- 
sign conditions in an engine but, if the maker gives the 
right thought to cylinder blocks, pistons and rings, the 
service-man is much better able to cope with so called 
oil-pumping engines, the fouling of spark plugs, and the 
like. 

BoLts, CAP-SCREWS AND NUTS 


In tracing out some of the more flagrant cases of in- 
accessibility, we find that thousands of dollars and hours 
of labor could be saved annually in the upkeep of cars if 
makers would locate bolts, cap-screws and nuts so that 
mechanics could use speed-wrenches on them more read- 
ily. A double-end wrench generally will do better work 
than a monkeywrench, but the speed-wrench that has a 
socket incorporated in it to fit over a nut or cap-screw 
completely is best of all, not only in securing a good hold 
but in reducing the time required to remove or replace it. 
The most common difficulty in this connection is that bolt- 
heads or nuts are placed too close to fillets or to surfaces 
running at right angles to the top and the bottom of the 
nut, as shown in Fig. 3. This means that a mechanic 


A 


—— 


Vol. X April, 1922 No. 4 





cannot get at the nut or bolt with a socket-wrench and 
therefore must use something else. This is made espe- 
cially difficult where nuts are exposed to mud and water, 
as they are on front-axle spring-clips. A recent test on 
the removal of nuts, which had become more or less 
rusted to the clips, showed that it required almost 2 min. 
to remove the nut with a double-end open-wrench. «On 
another car, where the layout permitted the use of a 
socket-wrench, the same size of nut was removed in less 
than 345 amin. There are other places on the chassis 
where nuts and bolts are placed in positions awkward to 
reach. Thus, cases are on record where spring-bolts can- 
not be reached with either an open-end or a _ socket- 
wrench because of the interference of mufflers, brake- 
operating rods and the like. In one instance the maker 
had not provided sufficient opening in the running-board 
splasher; so, to remove the bolt in the front of the rear 
spring it was necessary to take off the running-board and 
splasher. The hole in the splasher was just large enough 
to permit lubrication; it would not allow the complete 
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withdrawal of the bolt? 


How can a repairman explain 
to a 


‘ustomer that it is necessary to charge him for re- 
moving and replacing the running-board and splasher to 
install a new bolt? 


VALVE ADJUSTMENT 


One of the most frequent jobs in a service-station is 
that of valve adjusting or grinding. Valves are acces- 


sible in general, except that the valves at the extreme 
ends of the set on some L-head engines are so close to 
the walls of the valve-chamber that adjustment is diffi- 
cult because the mechanic cannot give a good swing to the 
wrenches. Fitting a longer valve-chamber cover would 
allow the wrenches to sweep over a wider range. 


DASHBOARD INSTRUMENTS 


When the word “inaccessible” is mentioned to a service 
mechanic, among the first things he thinks of are the 
disposition of the instruments on the dash and the man- 
ner in which they are connected. It would cost but a few 
cents more per car to install somewhat longer wires on 
the switch, ammeter and fuse-block, slightly longer cop- 
per tubing on the oil-gage and longer choke wire; but 
this would mean a vast saving of time in the service- 
station, because it would permit the mechanic to remove 
the panel usually having the instruments mounted upon 
it, withdrawing the whole assembly to a comfortable 
working position, such as is shown in Fig. 4. As it is 
now, a mechanic must twist his body into every sort of a 
shape to get behind the instrument-board. It is even 
worse when there is a tank in the cowl because, very 
often, the tank must be removed. It seems that a hinged 
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Fic. 4—THRE USING OF SLIGHTLY LONGER WIRES FOR THE INSTRU- 
MENTS So THAT THE WHOLE ASSEMBLY CAN BE WITHDRAWN AND 
WoRKED UPON WoudipD PROVE ADVANTAGEOUS 


instrument-board is worthy of consideration by the car 
builder, because it would make it unnecessary even to re- 
move the instruments to inspect them. It would not be 
necessary to have the entire board on hinges; in fact, 
part of it probably would need to be kept stationary to 
support the steering-column as is done in most cars now. 

In connection with making the wires more accessible, 
mention is made of the desirability of alloting definite 
colors to certain electric circuits, so that the same circuit 
could be identified readily on every make of car, once a 
man knew which circuits the colors indicated. As it is 
now, it is difficult for a mechanic to trace out a circuit 
when there are from 5 to 8 wires coming out of a piece 
of circular loom, all wires having the same color and 
appearance. Wiring diagrams are not always available 
and the problem often becomes acute in shops where all 
makes of car are worked upon. For instance, as shown 
in Fig. 5, if a mechanic knew that all black wires desig- 
nated the starting-motor circuit; red wires, the ignition; 
green wires, the lamp circuits; yellow wires, the gener- 
ator, ammeter and battery circuits; and blue wires the 
horn circuit, his problem would be lessened immeasur- 
ably. Many will recall that in former years one maker 
of an ignition system used red, yellow and green wires 
on the magneto and coil, and that the units were marked 
with the letters R, Y and G to show just where the con- 
nections were made. Some makers are using colored in- 
sulation on the wires for the various circuits, but no 
attempt has been made at standardizing the colors for 
all cars. 

GENERAL TAKE-UP ADJUSTMENT 


Much of the work in a service-station is devoted to 
eliminating squeaks and rattles, some of which are diffi- 
cult to locate at times. One car has a tube extending 
across the frame at the rear of the car. On the inside of 


this tube is a rod threaded at both ends so that the whole 
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assembly can be tightened by drawing up on the nuts on 
the outside of the frame. The tube also supports the 
tire-carrier. There is just enough play between the rod 
and the inside of the tube so that the rod vibrates at 
certain car speeds, strikes the walls of the tube and, be- 
cause the tire-carrier acts much like a sounding-board, 
sets up a decidedly unpleasant rattle that is very difficult 
to locate. A slight kink given to the rod overcomes this. 

Body squeaks are common, but frequently they can be 
overcome by tightening the body bolts. Here, however, 


ENGINE 
BLOCK 








Fic. 6—BRAKBE ROCKPR SHAFT CONSTRUCTION SHOWING A GOOD 
EXAMPLE OF MEANS FOR TAKING UP RATTLE 
The Slight Longitudinal Play between the Shaft and the Tube Also 
Insures Good Lubrication 


difficulty sometimes is encountered in that the maker has 
used common carriage-bolts sunk into the body sills. The 
nuts on these bolts often get rusted in place and, when 
the mechanic attempts to tighten or slacken the nut, the 
entire bolt turns and there is no way for the mechanic 
to get hold of the head of the bolt. Sometimes the bolt 
can be reached but, in such cases, nothing is gained unless 
a square-head or a hexagon-head bolt is used. In most 
cases, also, the body bolts extend through the top flange 
of the frame only. This often makes the use of a socket- 
wrench impossible, especially when units like the muf- 
fler are placed alongside the frame at this point. Where 
a body bolt is extremely difficult to get at, a hole drilled 
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Fic. 7—SoMsE TYPICAL EXAMPLES OF FAULTY CAR DESIGN FROM THE VIEWPOINT OF THE 

In Many Cases the Steering Gear Cannot Be Removed Because the Gear Housing Strikes the 
Tightening of Body Bolts Is One of the Repairman’s Chief 
Rusted on. In One Car when the Temperature of the Atmosphere Is About 
Coming Up Through the Distributor Shaft 
and Water Must Be Wiped out about Every 30 Miles. 
Relined Each Blow of the Hammer Produces a Flat Spot. The 
Placed Inside of the Tube That Often Causes an Annoying Rattle 
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and One Difficult to Locate 


Engine Crankcase 
Difficulties because the Entire Bolt Turns when the Nut Gets 
30 Deg. Condensation Caused by Warm Air 
Housing and the Cold Air by the Fan, Takes Place in the Distributor Housing 
Brake Bands Are So Thin on Some Cars That when They 

Illustration in the Lower Right Corner Shows : 
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Fig. 6 shows the method used by one company to over- 
come rattle in the brake-operating shafts. Here a shaft 
is placed inside a tube, the shaft operating one set of 
brakes and the tube the other. A coiled spring A is 
placed between the arm B attached to the shaft and the 
tube C. The result is that any end-play is taken up 
automatically. The slight amount of end-play existing 
and held in check by the spring further helps to lubricate 
the surfaces by virtue of the lateral movement. 

Removal of the steering-gear is not the easiest job on 
most of our cars. The redeeming feature here is that 
this job is not frequent. The job of removal becomes 
relatively easy when the gear is mounted on top of the 
frame, but when mounted in the side of the frame the 
chief difficulty’ lies in the fact that the distance A, as 
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Fic. 9—Two DIFFICULTIES 


I FREQUENTLY ENCOUNTERED 
REPAIRS O 


N THE FRONT END OF A CAR 

of the Fan Pulley Layout at the Left the Dotted Line 

suurse To Be Followed by the Fan Belt in Putting It On 

Difficulty in Getting at the Radiator Fastening Nut with a 
Socket Wrench Is Illustrated at the Right 
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shown in Fig. 7 is less than the distance B. In other 


words, the engine does not permit the withdrawal of the 
gear-housing and the drop-arm shaft. The latter gener- 
ally can be removed by loosening the engine in the frame 
or dismantling the gear. 

We have seen much better brake layouts within the last 
year or so, and much has been done to make adjustments 
easier. However, one criticism of brakes is that some 
makers are inclined to use stock for the contracting band 
that is too light. This does not hold its shape as well as 
a heavier band; often, when brake-lining is riveted to 
such a band, the band will assume the shape of a polygon, 
caused. by the hammer-blows at each point of riveting. 
Obviously, such a brake-band will not be as efficient as 
one which comes close to being a true circle when en- 
gaged with the drum. 


INACCESSIBLE PARTS NECESSITATING DISMANTLING 


Something might be said regarding the installation of 
vacuum tanks. It it difficult for service-men to under- 
stand why any maker should hide the tank in the cowl. 
Although vacuum tanks give very little trouble, there are 
times when they must be removed and there does not 
seem to be any good reason why the tank should not be 
mounted on the engine or at least on the engine side of 
the dashboard. The tank on one car is mounted in the 
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Fic. 10 
In This Particular Case the Radiator Must Be Taken Off, the Fan 


GENERATOR LAYOUT ON AN AMERICAN CAR 


Pulley and the Timing Gear-Case Cover Removed and the Gear 
Pulled before the Generator and the Shaft Can Be Pushed Out of 
Position 


latter position, but the bolts have been located so inac- 
cessibly that it is virtually impossible to remove the 
tank. This is illustrated in Fig. 8. The plan of mount- 
ing the tank on the engine seems to be working out very 
well, inasmuch as the tank vibrates with the engine in 
this case and there is little danger of having the fuel lines 
crack-off because of differences in vibration that often 
occur when the tank is located on the dash. Also, there 
might be a more general use of coils in the copper tubing 
to absorb vibrations. 

Probably the greater share of service work is on en- 
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Fic. 11—SecrionaL ELEVATION OF A FLYWHEEL THAT CANNOT BE 
REMOVED UNTIL THE CRANKCASE IS DROPPED, THE CONNECTING-Rops 
DISCONNECTED AND THE MAIN BEARING CAPS REMOVED 
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gines. A few cases will be cited in this connection in 


which a little thought on the part of the engine designer 


will be of great benefit to the service-station mechanic. 
The job of installing a fan-belt very often runs into con- 
siderable cost because of the slight clearance allowed be- 
tween the fan pulley and the radiator. Fig. 9 shows this 
Situation as it exists on one of the popular cars. The 
dotted line shows the course which must be followed by 
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the fan-belt when installing it on the pulley. This cai 
uses a heavy V-belt and there is insufficient room between 
the radiator and pulley to allow it to pass. This means 
the loosening of the radiator, which mechanics are loath 
to do on this particular car because of the difficulty of 
getting the nuts back on the radiator studs. The illus- 
tration shows why. A hole is provided in the bottom 
flange of the cross-member carrying the radiator, but a 
socket-wrench cannot be used because the hole is in a 
direct line with the I-beam of the axle. Consequently, 
the wrench enters at an angle and cannot strike the nut. 
The remedy seems to lie in using a longer bolt extending 
through the bottom flange, with a spacer between the 
two flanges. 

On still another make of car the radiator must be 
drained, the hood removed, the radiator stay-rod discon- 
nected, the hose connections broken and the radiator re- 
moved to take the generator off. This is necessary be- 
cause the generator is mounted on the back of the timing- 
gear case with its shaft extending through the case and 
having the fan pulley mounted on the other end, as shown 





Fic. 13—Two EXAMPLES OF PUMP INSTALLATION 
The Pump at the Left Has Been Placed on an Extension of the 
Crankshaft and Is Difficult to Get At for Packing the Gland The 
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in Fig. 10. The fan pulley must be pulled off, and the 


generator drive-gear removed, before the generator can. 


be slipped out of position. It appears that something like 
an Oldham coupling should be used between the gener- 
ator and the drive-gear, so that the generator could be 
slipped out of position without affecting the other units. 
The reason the radiator must come off is that there is 
not enough room between it and the end of the shaft to 
allow the fan pulley and the gear to be slipped off. 

On one engine used in a number of light cars, the main 
and connecting-rod bearing-caps must be removed and 
the crankshaft and flywheel dropped as a unit before the 
flywheel can be taken off. This was observed recently in 
a service-station where a car using this engine came in 
with several of the flywheel teeth stripped. Fig. 11 shows 
why the lower crankcase needs to be removed, the bear- 
ings disturbed and the shaft and the flywheel taken off 
together. The flywheel housing follows the contour of 
the wheel too closely and is further dropped at the open 
end, evidently to accommodate the No. 5 S.A.E. bell- 
housing. Even if the flywheel bolts are removed, there 
is not enough clearance to slip the wheel through the 
housing. 

There is an instance of a maker using a self-aligning 
bearing in the flywheel as a pilot bearing for the clutch 
shaft. It so happens that, when a repair-man has to 
slip the clutch assembly into place, he cannot lift the 
rear end sufficiently to allow the clutch shaft to enter 
horizontally into the pilot bearing. The self-aligning 
feature of the bearing makes the job difficult because the 
bearing, that is the inner member, cocks and no amount 
of coaxing will help. Mechanics say that when this job 
is necessary they simply file the end of the clutch shaft 
enough to make a sloppy fit. This construction is shown 
in Fig. 12. 

Some car makers seem to try to hide the water-pump 
as much as possible, thus making the job of repacking 
the glands difficult. Pumps often are placed too low on 
the engine, as in the left view of Fig. 13. Here the 
radiator really ought to come off to permit a good job 
when repacking the pump. The location of the pump 
shown at the right is good. The gland is very accessible 
and the unit has been mounted high enough on the side 
of the engine to make for ease of maintenance. 

The job of getting at the main bearings on some en- 
gines is easy, but it is exceedingly difficult on others. 
For instance, it costs about $35 to take up the wear in 
the rear main-bearing on one popular make of car. The 
reason for this is that the bearing is of the split type 
and is held in an end-plate on the rear of the engine 
crankcase. To remove the bearing halves for filing, the 
entire engine has to be taken from the car, the timing 
gear-case cover removed, the crankcase gear pulled, the 
rods disconnected, the flywheel removed and the plate 
holding the bearing taken off. The crankshaft and rear 
bearing can be taken out then through the back of the 
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PARTED GEAIe CASE COVER 


Fic. 15—PROVIDING A PARTED GEARCASE COVER TO FACILITATE DOING 
WoRK ON THE PUMP DRIVE GEAR HAS REDUCED THE MAINTENANCE 
Cost MATERIALLY 
crankcase, and the bearing can be dismantled. It is 
small wonder that this job runs into money. The layout 
is shown in the lower left view of Fig. 14. No provi- 
sion is made on this same engine to take up wear in the 
front main-bearing. This is a solid bushing indicated by 

the upper left view. 

The illustration at the upper right-shows the very ac- 
cessible rear main-bearing layout used on a popular car. 
It will be noticed that the removal of the lower half of 
the crankcase brings the bearing cap into as accessible a 
position as could be desired. Another bearing layout 
that is difficult to get at is shown in the lower right cor- 
ner. Here the flywheel shape and bolts do not allow the 
cap to come off unless the bearing bolts are raised suffi- 
ciently. The real job, however, lies in getting the bolts 
back into the holes, because a wire must be bent to take 
the heads of the bolts and the bolt heads must be jug- 
gled into position. Some type of flat-head bolt on the 
flywheel would help. 

Fig. 15 shows how one builder made it possible to 
save many hours of labor on the job of putting in a new 
key on the water-pump gear. In the old construction it 
was necessary to take off the radiator, the entire timing 
gear-case cover and several other parts to get at the key 
eventually. The newer models are made with a parted 
gear-case cover so that only one end of it need be re- 
moved to get at the gear. This was a distinct step toward 
the saving of time and money on service. 

Constructions that are good in one sense occasionally 
cause trouble in another. For instance, condensation 
takes place in the distributor at a certain atmospheric 
temperature in one car, so that the distributor housing 
has to be wiped out at certain intervals. It is said that 
this condensation is caused by the fact that warm air 
comes up through the vertical housing from the crank- 
case, while cold air from the fan strikes the exterior. 
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Manufacture 








By P. M. Hevort' 


MINNEAPOLIS TRACTOR MEETING PAPER 





HE history of the systematic introduction of 

standards in mechanical manufacture is outlined, 
instances being given of the need for such standard- 
ization and specific reference being made to its value 
to tractor builders. 

After mentioning the necessity of manufacturers 
maintaining a broad-minded attitude toward standard- 
ization, the author discusses steel and other standards, 
such as tractor hitches, belt speeds, connections be- 
tween parts or machines that are made in different 
plants, screw sizes, lug attachment and _ general 
matters relating to the subject. The hope is stated 
that tractor manufacturers will appreciate the full ad- 
vantage of cooperative effort and of mechanical 
standardization as one of its expressions. 


HE movement for the systematic introduction of 

standards in mechanical construction is only about 

20 years old, having started with the formation of 
the Engineering Standards Committee in Great Britain, 
about the beginning of the present century. There were 
many standards even before that time, such as measure- 
ment, screw-pitch, gear-tooth and _ rolled-steel-section 
standards, but these earlier standards were, so far as 
they related to manufactured articles, for the most part 
adopted individually in response to pressing needs, and 
did not constitute the result of concerted movements in 
standardization. The formation of the British Engineer- 
ing Standards Committee may well be considered the first 
step in the organized endeavor to introduce standards in 
engineering practice. The second step was the inaugura- 
tion of standardization work by the mechanical branch of 
the old Association of Licensed Automobile Manufactur- 
ers, which was continued by the Society of Automotive 
Engineers. The third step was the introduction of en- 
gineering standardization during the war period in prac- 
tically all European industrial countries. One reason 
why we must standardize in the present stage of indus- 
trial development is that the builder of any complicated 
machine always buys raw matérials from outside sources, 
and sometimes even completely finished parts. It is in 
the interest of economy and general efficiency that the 
purchased materials be such as can be bought in the open 
market, and that they do not need to be manufactured 
especially for the particular purpose. 

Perhaps one of the most striking instances of the need 
of standardization is furnished by the rubber tire and its 
rim. The rim, being a metal part, usually is made by a 
different company from the one that makes the rubber 
tire. It is essential that every pneumatic tire of a given 
diameter and width of tread should fit every rim of cor- 
responding dimensions to the end that when a motorist 
on tour ruins a tire shoe he can get another one of any 
make that may be available, so long as it is of the same 
diameter and width. The advantage to the motorist and 
to the general user of the machine is that his troubles in 
keeping the machine in operating condition will be less- 
ened. Standardization is also highly desirable from the 
standpoint of the dealer, because it enables him to do a 
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certain amount of business in a given time with a smaller 
stock. It is this phase of the movement that induced the 
Government to support it strongly during the war; there 
was then urgent need for conserving the capital resources 
of the Nation. It is obvious that the greater the variety 
is in which articles serving the same purpose are made, 
the greater the amount of capital must be that is tied 
up in stocks and in manufaeturing equipment. Standard- 
ization appeals in a somewhat different way to the manu- 
facturer who works according to the standards in his 
plant than it does to the purchaser of the standardized 
machinery. In almost every case it is the purchaser who 
profits most directly by the standardization. The manu- 
facturer of the standardized article benefits indirectly, 
in that standardization enables him to give his customers 
increased value without additional cost to himself. 


MAGNETO MOUNTINGS 


Perhaps the best example of the value of standardiza- 
tion that can be cited to the tractor builder is that of 
magnetos and magneto mountings. The location of fast- 
ening holes in the base, the height of the shaft-center, 
the shaft-end and the overall dimensions of magnetos 
were standardized by the Society many years ago, and 
this standard is adhered to generally by the magneto 
manufacturers. The advantage to the tractor builder lies 
in the fact that, with possibly a few exceptions, any 
magneto on the market will fit his engine without special 
adaptation. If his regular source of supply should fail 
for any reason, such as a fire, strike or flood, he could 
arrange with any other factory to supply him temporarily 
with its product. Provided the mounting arrangements 
were in accordance with the 8S. A. E. Standard, he would 
have no difficulty whatever in mounting the new magneto 
and, if satisfactory terms could be made quickly, there 
would be no need of interruption in production. I believe 
that every tractor company using high-tension-magneto 
ignition makes use of this S. A. E. Standard. There could 
be no better endorsement of its value. 

Regarding this plan of standardization, we can imagine 
the magneto manufacturer arguing that if it is so easy 
for his customers. to substitute another magneto for the 
one he manufactures, it is not to his advantage because 
his hold on the trade will be loosened; therefore, that it 
is not an advantage to him to encourage standardization. 
There has been a feeling of this kind with respect to 
standardization in some industries, and it has been the 
cause of much of the opposition with which the move- 
ment has had to contend. But it is easy to prove that 
this attitude has a very weak foundation. The same 
standardization that makes it easy for a customer to 
change from one’s own to a competitor’s product, also 
makes it easy for him to change from a competitor’s 
product to one’s own; therefore, unless a manufacturer 
already controls the entire business and has no chance 
of getting any more, he has nothing to fear from stand- 
ardization on this score. This point is borne out by the 
fact that all manufacturers of high-tension magnetos are 
using the S. A. E. Standard. “A very direct advantage to 
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the magneto manufacturer in regard to mounting stand- 
ardization lies in the fact that it relieves him of the 
necessity of manufacturing his machines separately for 
each customer. There are still slight variations in the 
demand, in respect to the direction of rotation, the posi- 
tion of the timing lever and the like, but these can be 
met readily. The machines are all alike, except for a 
few parts, which reduces manufacturing costs and per- 
mits of working for stock. 


STEEL AND OTHER STANDARDS 


The steel specifications constitute another set of most 
important S. A. E. Standards that are being used by the 
tractor industry. There is now a general tendency to 
reduce weights in tractor design, and this means in- 
creased use of alloy steel in shafts, gears and similar 
parts. The ailoy-steel industry has grown up with the 
automobile industry and is largely dependent upon it. 
No other industry uses alloy steel to anything like the 
extent that the automobile industry does; the statement 
was made recently that 70 per cent of all of the alloy 
steel produced in this country goes into automotive plants. 

Alloy stee!s are made almost exclusively to the Society’s 
steel specifications, and the parts manufactured from 
them are heat-treated accordingly. The standardization 
of steel specifications and of heat-treatments is conspicu- 
ous in the most valuable work that the Society has done. 
In connection with the published tables of physical prop- 
erties, this standardization enables the engineer to select 
the steel best suited to any particular purpose and to 
specify a heat-treatment that best meets the require- 
ments of the case. The work has not been limited to alloy 
steels; it covers carbon steels as well. Most of the drop- 
forged crankshafts and connecting-rods used in tractors 
are made of an S. A. E. steel. It is unnecessary to dwell 
upon this particular item of standardization, as the more 
extensive use of the Society’s steel specifications by the 
tractor industry will come about naturally as the more 
primitive methods of construction, typified by the use of 
structural steel and cast gears, are abandoned. 


STANDARD HITCHES AND BELT-SPEEDS 


The greatest need for standardization always exists at 
the points of contact between the products of different 
plants. The tractor connects by a drawbar to the plow 
or other implement, and by a belt to the separator or other 


‘power-driven machine. Every tractor should be capable 


of connection to any plow or other implement, which 
necessitates standardization of the hitch; and every trac- 
tor also should be capable of driving by belt all the usual 
agricultural power machinery at proper speeds, which 
necessitates standardization of belt speeds. The height 
of the drawbar hitch has been standardized; this standard 
is used by many companies but not by all. A moderate 
variation in the height of the hitch is perhaps of no 
great moment, as the drawbar connections will compen- 
sate for it. The height of the hitch is adjustable on 
some tractors but, where this is not the case, it is 
advantageous to make the hitch of a certain standard 
height. 

Belt speeds also have been standardized; in fact, the 
original standard has been revised already. The belt 
speed was fixed first at 2600 ft. per min., but it was found 
that a single speed did not meet all requirements. At 
present the Society has four’ standard belt speeds, and 
the National Association of Farm Equipment Manufac- 
turers, formerly the National Implement & Vehicle 
Association, has five. It is possible that this number of 
different speeds is necessary temporarily because of the 


requirements of the various types of power-driven ma- 
chinery now on the market. The designers of these 
machines had nothing to guide them in determining the 
pulley sizes. The result is that there is an absolute 
lack of agreement in the required belt-speeds. This 
condition can be remedied in the future. I believe that 
eventually there will be no need for more than two 
standard belt-speeds. The situation in this regard is 
somewhat similar to that in the pneumatic-tire field, and 
I believe the problem can be solved in the same way as 
was applied there. When a standard list of pneumatic- 
tire sizes was promulgated some years ago, it contained 
a certain number of sizes that were designated as definite 
standard sizes and a number of others that it was ex- 
plained were to be continued by the manufacturers only 
while the replacement demand for them lasted. This 
served as a warning to car designers that new cars should 
be equipped only with the definite standard sizes. 

In the determination of standard belt-speeds, there 
should be cooperation between the producers of tractors 
and of stationary farm-engines on the one hand and the 
builders of auxiliary machinery on the other hand, be- 
cause the same agricultural machinery that is driven by 
tractors is driven by stationary engines. If, say, two 
definite standard belt-speeds were agreed upon, the de- 
signers of agricultural machinery would equip all new 
types of machine with pulleys calculated for one or the 
other of these speeds in the future, and the situation 
gradually would become simplified. 


STANDARD BASIC MACHINE ELEMENTS 


One class of standards relates to materials of construc- 
tion or basic machine elements. Of the standards of this 
class that were adopted originally for the automobile 
industry, many are now in use in the tractor industry. 
I need mention, in addition to the S. A. E. steels, only 
the standard non-ferrous alloys, tubes, screws, washers, 
pipe fittings and ball bearings. However, some of the 
standards of this class deserve wider use; for instance, 
the standard forged rod-ends and yokes. 

There is a class of standards relating to the joints or 
connections between parts that are often made in different 
plants. The magneto standard already mentioned, the 
carbureter-flange standard, the bell-housing standard and 
others belong to this class. The value of these standards 
is so obvious that they have been adopted generally 
without hesitation; in fact, most of these standards were 
formulated at the request of parts manufacturers, and 
tractor builders had little to do with their adoption. 


SCREW SIZES AND LuG ATTACHMENT 


There has been some talk of reducing the number of 
screw sizes for use in tractors. It is easy to see why 
this would be an advantage. One of the difficult problems 
in connection with farm tractors is that of maintenance. 
A tractor cannot be transported easily, and all ordinary 
repairs must be made right on the farm with the facilities 
available there. In the use of tractors, screws and nuts 
are often lost or broken or have their threads stripped, 
and they must be replaced. It would be much easier for 
the farmer to keep a good stock of screws and nuts on 
hand if only a few sizes were used. In all the ordinary 
screw-standards the sizes vary in steps of 1/16 in. Why 
cannot the odd sixteenth sizes be eliminated in tractor 
construction? The direct benefit of simplification would 
not be limited to the farmer, but be shared by the builder 
and the repair-shop. There is one objection to the elimi- 
nation of certain screw-sizes ; for instance, in places where 
a 7/16-in. screw would just suffice, a 4%4-in. screw would 
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have to be used and the weight would be increased 
slightly. However, this disadvantage does not offset by 
any means the advantages to be gained, especially in view 
of the fact that with the use of heavier screws in some 
cases, a smaller number would serve the purpose. Very 
likely, different producers of tractors are now following 
this plan individually. If it has general approval, why 
not make it a standard or recommended practice? 

Another subject that deserves the consideration of the 
tractor industry particularly at this time is the method 
of attaching lugs. Attention has been called to the ten- 
dency to reduce tractor weight, but to get sufficient trac- 
tion with less weight it is important that the lug equip- 
ment be made as efficient as possible. Different operating 
conditions call for different lug equipment, and the 
farmer therefore finds it necessary to change lugs occa- 
sionally. With a standardized method of fastening, not 
only would the interchanging of lugs by the farmer 
be facilitated, but inventors of improved lugs would find 
it easier to market them. Considerable research is being 
conducted with respect to the best form of lug for dif- 
ferent soil conditions. The minimum tractor-weight 
permitting a given drawbar-pull to be obtained depends 
to a large degree upon the lug equipment and, as” the 
reduction of tractor-weight without any reduction of 
drawbar-pull spells increased efficiency, this development 
ought to be encouraged in every possible way. 


GENERAL CONSIDERATIONS 


Standardization really signifies cooperative effort on 
the part of members of the industry. Perhaps no industry 
needs this cooperative spirit more at present than the 
tractor industry. During the war and for the two years 
following it, this industry enjoyed a sort of hot-house 
growth that was the direct result of the high prices of 
farm products and the scarcity of farm labor. Conditions 
now practically are reversed. Farm products sell at 
abnormally low prices and help is plentiful. The farmer 
has very little money to spend, and he no longer has a 
prospect of an almost unlimited market for his products 
to encourage him to widen his scale of operations. In 
the past the desire to work an increased acreage was often 
the reason for the purchase of a tractor. Tractors retain 
all the advantages they ever had, such as the ability to 
work to full capacity in all kinds of weather and the lack 
of need for feed and care during periods of non-use, but 
their first Gost and their operating cost must be reduced 
to conform with the changed economic conditions on the 
farms. Every builder is interested in this problem and 
all should cooperate to solve it. 

While not a panacea for all the present woes of the 
tractor industry, standardization will prove a powerful 
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aid in solving its problems. In this connection, 
branch of the mechanical industries today 


no other 
is producing 


as efficiently as the automobile industry. It is not a 
mere coincidence that this industry also has carried 
standardization further than any other. Efficient pro- 


duction really means large-scale production, because it is 
only in large-scale production that really-efficient methods 
are applicable. It is for this reason that a large propor- 
tion of the firms that have entered the automobile indus- 
try in recent years confine themselves to assembling. 
Their own output may not be so very great, but all the 
components that they use, such as the engine, transmis- 
sion, axles, steering-gear and the like, are made in parts 
factories, generally on a much greater scale. If it were 
not for the standardization work of the Society, this plan 
of assembling would be greatly hampered; in fact, it 
would become almost impossible. Much of the credit for 
the rapid advance in automobile design and for the 
efficient production methods now in use in the automobile 
industry belongs to these parts factories. 


SUMMARY 


The three outstanding facts which should convince 
every tractor company that standardization is of value to 
the tractor industry are that 


(1) This Country’s largest industry of manufactured 
products has standardized to a great extent and is 
continuing this work 

(2) The Government compelled 
many lines during the war, 
advantages to be gained 

(3) European industrial countries, impoverished by 
the war, are turning to standardization as one 
means of re-establishing their economic balance 


standardization in 
because of the economic 


The standardization movement would have advanced 
much further by this time had it not have been for the 
more or less natural tendency among members of an 
industry to regard one another with distrust. As a rule, 
it requires some event of a catastrophic nature to bring 
them together and make them see that they can accom- 
plish more by pulling together than when each one works 
for himself regardless of the others. The automobile 
manufacturers were first brought into a close union by 
the Selden patent situation, which was a real bogy during 
the early years of the industry. Many other industries 
learned the value of cooperation during the war. The 
slump in farm values is undoubtedly the greatest shock 
that the tractor industry has had so far. It is hoped that 
at least some good will come out of the misfortune and 
that the tractor manufacturers will see the full advantage 
of cooperative effort and of mechanical standardization as 
one of its expressions. 





HIGHWAY ENGINEERING + AN ND TRAN ‘SPORT IN NSTRUCTION 


HE University of Michigan has made provision for a 
broad development of highway-engineering and high- 
way-transport undergraduate and graduate instruction and 
for the investigation of research problems. Thoroughly 
trained and experienced highway engineers are needed to 
occupy the innumerable positions connected with the admin- 
istration, financing, design, construction and maintenance of 
the 2,500,000 miles of rural highways and the thousands of 
miles of streets in the municipalities of the United States 
in order that the highways of our Country may serve effi- 
ciently the agricultural, industrial,.commercial, social and 
military requirements of the Nation. 
The phenomenal development of highway transpcrtation 
in the United States has created a demand for men having 
knowledge of and trained in a new technical field. Funda- 


mentally this branch of engineering deals with the science, 
art, economics and business of highway transportation of 
passengers and commodities. It is considered that the high- 
way-engineering staffs of the Federal and State Depart- 
ments will require an annual supply of 900 college-trained 
engineers, in addition to the highway engineers required by 
counties, municipalities, contractors and companies produc- 
ing highway machinery and materials; that 4000 men should 
be trained in highway transport each year in universities 
to serve as motor-truck-fleet managers, sales-engineers, ad- 
vertisers, business administrators and highway-transport 
engineers, and that short-period advanced courses efficiently 
provide opportunities for men occupying the positions enu- 
merated to obtain a knowledge of and training in highway 
engineering and highway transport. 
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Passenger-Car Brakes 


jy J. EDWARD SCHIPPER 
By J. I RD ScCHI R! 


ANNUAL MEETING PAPER 


‘TATING that the problem of deceleration is just as 
important and necessary of solution as is the one of 
providing car-acceleration ability, the author gives a 
comprehensive survey of present braking practice and 
outlines future requirements and possibilities. 

Design factors are considered at length, as well as 
the subject of what constitutes uniform and effective 
braking-power, various illustrations and descriptions 
being included of different types of brake. Brake- 
actuating means, the calculation of brake-drum size, 
car-stoppage ability, brake equalizers and brake-lin- 
ings are commented upon in some detail. 

The future of brakes is discussed with reference to 
the use of the engine as a brake, four-wheel and front- 
wheel brakes, the servo principle of brake operation 
and various novel braking methods. A brief summary 
of what is considered good practice with regard to truck 
brakes is appended. 


w 


OR the past 10 years automotive engineers have 

been concentrating very largely on acceleration. 

More than half of the development work on passen- 
ger cars particularly has been with the object of increas- 
ing the “get-away.” Through the sales efforts of the in- 
dustry, the public has been educated to demand this 
quality in an automobile. This is but natural when the 
quality of acceleration is what makes a car not only more 
enjoyable but more safe to handle in traffic, and certainly 
it is this same quality that makes a car a good hill- 
climber. However, in giving so much attention to accelera- 
tion, we have run somewhat ahead of the other problem, 
that is relatively just as important and just as necessary 
of solution. This is the problem of deceleration. It is 
just as important, if not even more so, to stop a car as 
it is to start it. It should be as much a matter for con- 
sideration on the part of the engineer that a car be able 
to get back to a standing position as it is that the ve- 
hicle be able to leap quickly from a standing start to 
speeds of 10, 25 and 50 m.p.h. 

If we were to stop for a moment and take stock of the 
passenger cars and trucks put out by American builders 
today, we would find qualities of acceleration that are the 
marvel of the world. On the other hand, we would find 
qualities of deceleration that many consider to be deplor- 
able. This statement is not made in a haphazard way, 
but is absolutely warranted by the engineering opinion of 
those who are responsible for our present day design. 
Scores of engineers of the highest standing in the indus- 
try have been consulted regarding the subject, in connec- 
tion with the preparation of this paper, and the opinion 
is practically unanimous that our present-day brakes, if 
not the weakest, are assuredly one of the weakest points 
in design. To state this in another way, we cannot put 
the braking systems of the cars against problems of equal 
difficulty to those to which we submit other parts of the 
car and expect them to meet the same exacting require- 
ments. We may send an experimental car out over the 
roads with orders to the tester in charge to try to break 
it up over a rough road and, if he succeeds, we believe 
that there is something wrong with the parts that fail. 


1M.S.A.E Technical editor, Class Journal Co., Detroit. 


Illustrated with DRAWINGS 





Fig. 1 


TYPICAL AMERICAN PASSENGER-CAR BRAKE PRACTICE 
A Contracting-Band Type External and a Toggle-Operated Internal 
Expanding Band Brake Are Used on the Same Rear-Wheel Drum 


We may send him out to climb certain hills on high gear 
and, if he fails, we believe that the engine is not what it 
should be. But we do not send him out on steep, long 
hills with directions to try to burn up his brakes. We 
know too well that he would be only too successful. 
Whether this is a difficulty that we can rectify under our 
present system of brake design remains to be seen. The 
best brakes we have designed under present methods are 
inadequate in mountainous country, although they serve 
very well and efficiently in flat and moderately hilly coun- 
try. When it comes to real mountainous country, how- 
ever, the engine must be called upon to augment the 
brakes. Whether or not this is desirable is debatable. 


BRAKES OF THE PRESENT 


Every engineer desires to obtain the best possible re- 
sults from the available braking systems, and it is hoped 
that hints will be found in this paper that will assist in 
increasing the efficiency of brakes as now installed, and 
that it will promote discussion leading to an airing of 
views as to whether it is necessary for us to modify our 
fundamental systems and change to something more effi- 
cient than we now have as usual equipment. When we 
give an automobile user a vehicle weighing all the way 
up to 3 tons, provided with an engine capable of accel- 
erating that tremendous mass to high rates of speed in a 
very short space of distance and time, we are putting 
into his hands a veritable projectile capable of doing tre- 
mendous damage unless it is susceptible to easy control. 

If we turn the problems of acceleration backward and 
look at them from a deceleration standpoint, we have 
something of the same nature to deal with. In acceler- 
ating, we are faking heat energy and transforming it 
through the mechanism of the car to dynamic energy as 
represented by the weight of the car and the speed at 
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Fic. 2—A TIMKEN FIXED-HvuB TYPE AXLE WITH AN EXTERNAI 
THE BRAKE LEVE 


which it is traveling. This dynamic or kinetic energy 
must be dissipated by transforming it back to its orig- 
inal condition of heat energy through use of the brakes. 
To bring the vehicle to rest, it is necessary to absorb its 
momentum by making it do work against friction, and 
this friction produces heat, of course, which must be dis- 
sipated. The friction brakes act, therefore, by dissi- 
pating in the form of heat the energy represented by the 





Fic. 3—DvvuBLe INTERNAL-BAND TYPE REAR-WHEEL BRAKE HAVING 
aN 18-IN. Drum TuHat Is USED BY THE INTERNATIONAL HARVESTER 
Co. on Its TruckKs 
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DOUBLE INTERNAL CAM-OPERATED BAND-TYPE BRAKE USED 
ON AUTOCAR TRUCKS 


momentum of the vehicle. To accomplish this, they must 
produce the heat and radiate it to the atmosphere. It is 
evident that the radiation of the heat must be as rapid 
as possible, in order that the temperatures of the braking 
parts shall not rise above a safe value for the materials 
contained in the braking mechanism, particularly at the 
contact surfaces. Since there is an appreciable time- 
element in the radiating ability of any surface, it is clear 
that, with the ordinary braking-systems, there will only 
be a certain length of time before the brakes become 
overheated, because the heat generated is imparted to the 
brake-bands much more rapidly than the heat can be dis- 
sipated through the ordinary braking-systems now pro- 
vided. The steeper the grade is, the more quickly the 
brake temperatures will reach the danger point. Many of 
the hills encountered in the Allegheny mountains, for in- 
stance, are sufficiently long and steep for this tempera- 
ture to run above the capacity of the lining to withstand 
burning, with the result that is all too familiar to engi- 
neers. To sum this up in simple language, it is possible 
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to burn out the brakes on a car by using them in going 
down a long grade, provided the engine is not used to 


assist the brakes and we depend solely upon the braking 
system of the car. 


DESIGN FACTORS 


When an engineer is laying out the brakes for a pas- 
senger car, assuming that he intends to work along the 
conventional lines, he has several different combinations 
and types of braking layout available from which to 
choose, under present conditions. By far the greater ma- 
jority use two sets of brakes on the rear wheels, shown 
in Figs. 1 and 2, these being the internal and the ex- 
ternal types, one set being operated by the pedal and the 
other by the hand-lever. This system is used widely 
because it has the advantage of simplicity and low cost 
of manufacture, and provided the brakes are laid out with 





Fic. 5—PIERCE-ARROW TRUCK TRANSMISSION BRAKE 
This Brake, Which Is of the Contracting-Shoe Type, Has a Drum 
12 In, in Diameter with a 5-In. Face 
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Fic. 6—MALLEABLE-IRON BRAKE-SHOB OF RIGID CONSTRUCTION FOR 
THE INTERNAL-EXPANDING SHOB TyYPBp OF BRAKE 


sufficient regard to proper brake-area and with the cen- 
ters of the operating levers arranged so that spring de- 
flection does not cause grabbing or releasing of the 
brakes, it is fairly satisfactory. In addition to this type 
of layout, we have the side-by-side internal brakes, illus- 
trated in Figs. 3 and 4, which operate on the same drum, 
this having the advantage of providing two sets of en- 
closed brakes that are naturally more free from exposure 
to water, mud and grit. They are somewhat more com- 
plicated in assembly, however; they require a much 
deeper drawn-drum and probably never will be used 
widely because the complications introduced are not com- 
pensated for by any marked advantages in performance. 

Another choice that has been favored by an increasing 





Fig. 7—BRAKE CONSTRUCTION USED ON THE EATON AXLE, WHICH UTILIZES THB SHOB SHOWN IN Fic. 6 IN THE INTERNAL 
BRAKE 
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Fic. 8—REAR-WHEEL BRAKE USED ON THE PIERCE-ARROW TRUCK 
This Is a Cam-Operated Type of Brake, the Cam Being Adjustable 
as Shown, That Uses a Heavy Forging to Provide a Substantial 

Brake Anchor 


number during the past few years, after first having been 
used and discarded by several manufacturers, is the in- 
stallation of the foot or service-brake on the rear wheel 
and the hand-brake on the transmission or propeller- 
shaft. This type, which is shown in Fig. 5, has the ad- 
vantage of providing two absolutely independent brake- 
drums. In case one breaks, it does not affect the other 
and, furthermore, the installation puts into the hands of 
the driver a very powerful emergency braking-system. 
Because of the location of the brake on the propeller- 
shaft, the brake has the benefit of the reduction through 
the rear driving-system and also of the equalization se- 
cured by the differential-gear. The propeller-shaft brake 





Fic. 9—DouBLE INTERNAL AND EXTERNAL BRAKES USED ON THE 
MARMON CAR 


This Is a Cam-Operated Internal-Expanding Brake That Is An- 
chored in the Usual Way with a Bell-Crank-Operated Contracting- 
Band Type on the Same Drum 








has disadvantages, however; otherwise all manufacturers 
would use it. The disadvantages that frequently are 
cited against it are the tendency to chatter, the excessive 
stresses that must be imparted to the universal-joints 
and rear-axle parts and the difficulty of dissipating the 
tremendous amount of heat absorbed by the small brake- 
drum. Naturally, the size of the brake-drum is limited, 
because of the location of the propeller-shaft immediately; 
under the floor-boards of the car. Most engineers have 
been partial to the wheels as being the proper location, 
because it involves stress in the least number of parts 
and hence is safer. In worm-drive and bevel-gear axles 
where the spiral angle is fairly steep, many of the pinion 
and worm-shaft-bearing failures have been the result of 
too severe propeller-shaft brakes. Overheating of the 
propeller-shaft brake is, of course, the point that is cited 
most against it. 

After having determined the location of the brakes, the 
engineer has a choice of the flexible-band type of brake 
shown in Fig. 2 or the rigid-shoe type illustrated in 
Figs. 6 and 7. These again have advantages and disad 
vantages. The former is apt to have a tendency to grab 
severely, particularly at high speeds, on account of its 
wrapping action. With it, however, practically 100 per 
cent of the brake surface is effective. With any type of 
rigid brake-shoe, it is practically impossible to secure 
anything like effective surface for the full circumference 
of the drum. There are two classes of rigid-shoe brake; 
the pivoted or locomotive type and the simple type. In 
the former a separate brake-beam is pivoted to the shoe 
at its center, so that the entire shoe-surface is pressed 
against the drum. The greatest pressure is found to be 
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Fic. 10—DouBsLE EXTERNAL AND INTERNAL BRAKES USED ON THE 
PACKARD SINGLE-SIX CAR 
The Internal Brake Is Cam-Operated and Substantial Release 
Springs Are Provided To Prevent Drag 


under the pivot in this type, the pressure tapering off 
toward the end. If shoes of this type are made to cover 
180 deg. of drum surface, the tips will present practically 
no pressure and from those points back to the pivot the 
pressure will gradually increase. This naturally causes 
unequal wear of the shoe facing and is apt to cause brake 
squealing because of the relatively small area of sur- 
face engaged. This cuts down the friction materially 
and, consequently, the brake efficiency. 
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In the simple type of rigid shoe, one end of which is 
pivoted fast to the spider, the other end being acted upon 
by the cam as in Figs. 3, 8, 9 and 10, or the toggle as in 
Figs. 2 and 11, the greatest pressure will be on that part 
of the lining closest to the fixed pivot and the pressure 
will taper off to zero at the tip. Unless specific provi- 
sions are made to the contrary, the movement of such a 
shoe will vary as the distance from the pivot, so that the 
portion of the lining closest to the pivot will have the 
greatest pressure if it is brought into contact with the 
drum, and still have so little movement that it may not 
establish the desired amount of contact and hence be in- 
effective. On the other hand, the portion of the brake 
near the other end of the shoe, being at the distance most 
remote from the fulcrum point, will have but very little 
pressure on the drum, the pressure it obtains being all 
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Fic. 11 INTERNAL AND EXTERNAL BRAKES USED ON THE 


LAFAYETTE CAR 
The Ext 


ernal-Contracting Band Brake Is Operateé by a Bell-Crank 
and the 


Internal-Expanding Brake Is Actuated by a Double- 
Adjustable 


Toggle 

from the direct action of the cam or toggle. To give full 
contact area, brake-linings should be cut back from the 
end of the shoe. 

The question of using aluminum shoes for brakes is 
interesting. Some experiments have been made with 
them, without, however, reaching any real conclusion so 
far as I am aware. An experimental brake, equipped 
with an external contracting brake using a ribbed alu- 
minum shoe instead of the ordinary external flexible 
band, has been tried out. The rib on this was of great 
height at the rear or middle where the anchor was lo- 
cated, and tapered down to almost nothing on the two 
forward ends where the contracting links were attached. 
Aluminum has the quality of rigidity and ability to 
radiate heat. 

The other type of brake, examples of which are illus- 
trated in Figs. 9 and 12, is based on the principle of a 
wrapping band that encircles the body entirely and 
against which the band is applied by force. It is evi- 
dent that the pressure exerted on the rigid-shoe type of 
brake must be transmitted directly by the braking mech- 
anism itself. Using the wrapping principle, however, if 
the true action is worked out, a maximum amount of 
brake resistance is secured by thc action of the brake in 
wrapping itself up in the band. In this instance a very 
slight amount of force is necessary to bring the wrap- 
ping part into operation, and then the very action of 
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-DOUBLE INTERNAL AND EXTERNAL PXPANDING BAND TYPE 
oF BRAKE USED ON THE PACKARD TWIN-Srx CAR, THE FORMER BEING 


CAM-OPERATED 


the moving body against which the brake-shoe works be- 
comes in itself a generating force of power. This ad- 
vantage of securing the maximum holding-power from a 
minimum amount of leverage and brake pressure recom- 
mends itself strongly to the engineer. Brakes should be 
equally powerful in both the forward and the reverse 
directions. This applies particularly to the wrapping- 
band type of brake. It is very apt to unwrap in the 
reverse direction, giving no braking action. 

The point that it is desired to establish is that a brake 
having true wrapping action will give practically 100- 
per cent surface-contact, which, of course, is highly ad- 
vantageous not only from the standpoint of effec- 
tiveness but from the standpoint of quietness in the 
brake action and the life of the lining. It is a well estab- 
lished fact that brake-squeal is due largely to concen- 
tration of the braking pressure on limited areas of brak- 
ing surface. These high spots or contact points, being 
highly stressed, are caused to chatter and set up vibra- 
tions. There are many band-brakes in use today which, 
although designed primarily on the wrapping principle, 
do not really work out in this way. Instead of causing 
the operating levers of the brake-shoe to draw the band 
down snugly over the entire surface of the drum, the con- 
struction of the brake-toggles is such as simply to bring 
great pressure on the few inches of the brake-band near- 
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13—ARRANGEMENT OF THE OPERATING LEVER OF THB MARMON 
DOUBLE INTERNAL AND EXTERNAL BRAKE SHOWN IN FG. 9 


The Width of the Band of the External Service-Brake Is Much 
Greater Than That of the Internal Hand or Emergency-Brake Band 
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est the toggle, and the rest of the brake-shoe, which prob- 
ably represents nearly 75 per cent of the braking area, 
is doing very little or no work. 

External brakes for passenger cars can be used with 
lighter drums than internal brakes because the expan- 
sion of the drum, due to heating, does not reduce but 
rather increases the power; whereas, internal brakes 
have insufficient travel on the levers to follow up the in- 
creased circumference. Neither does the distortion of a 
thin. drum noticeably affect the power of the brake in 
contrast with internal brakes which, except in the wrap- 
up internal type, rarely fill the circumference of the drum, 
and especially in the case of internal-shoe brakes where 
practically no more than half of the drum circumference 
is utilized. In such cases the drum must be stiffened or 
ribbed to minimize distortion. Exposure to dirt and 
sometimes a rather unsightly appearance are objection- 
able features of the external brake. The cheapness of 
manufacture and upkeep has been responsible largely for 
the popularity of this type of brake on passenger ve- 
hicles. The external brake is, of course, very accessible. 
Consequently, it is used as the foot-brake because of the 
relative ease of relining and to reduce the cost of upkeep. 


UNIFORM AND EFFECTIVE BRAKING-POWER 


To secure uniform and effective braking-power, the 
operating levers of the brake should be of such construc- 
tion as to not only draw the brake-band by a wrapping 
action against the entire surface of the drum, but the 
operating principle should be such as to draw this brake- 
shoe band down with uniform pressure on the brake- 
drum, as is brought out in Figs. 13 and 14. If, when 
the brake-pedal is pressed down and the operating levers 
of the brake-shoe begin to tighten, the pressure of the 
brake-shoe is 50 per cent more on one side of the drum 
than on the other, it is obvious that the effectiveness of 
the brake has been lowered greatly, and the condition 
created that is apt to cause the squeal that is giving so 
many builders of cars much anxiety at present. It is 
only necessary to examine old brake-shoes to illustrate 
very clearly the points to which reference has been made. 
Engineers who have examined the brake-lining from sev- 
eral different makes of car have found that the following 
conditions apply. If the brake-shoes from one make of 
car are examined, it will be found that the lining is worn 
down to the brake-shoe for possibly 3 or 4 in. from the 
end of the brake where the toggles are operating. The 
wear on the face of the steel band grows gradually less 
as the hinge part of the brake is approached. When the 
hinge point, which is the fixed point from which the 
brakes operate, is reached, very little wear will be found. 
This is because there is not sufficient travel actually to 
make a firm contact, as has been pointed out. On exam- 
ining the brakes taken from another make of car, it may 
be found that they are worn through to the steel band on 
one edge of the shoe and that on the other edge at least 
1/32 in. of lining remains. In this case either one of 
two things has happened; the steel band was not cor- 
rectly drawn and the steel is thicker at one edge than the 
other, or the operating mechanism of the band does not 
draw the band down evenly so that it gets an even pres- 
sure against the brake-drum at both edges of the band. 

Another condition that will be found is that the brake- 
bands are not worn at the ends, where the toggles are, 
or at the hinge-point to a perceptible extent, but that they 
are worn through to the steel at a point about one-half 
way between the hinge of the brake and the operating 
toggles. This condition is due purely to an imperfect 
arc of a steel band. The band either has been bent or 


sprung, or it never was shaped-up so as to conform to 
the circumference of the brake-drum against which it 
was intended to work. Another point of weakness is that 
when the adjustment of the brake is too close to the drum 
the blowing-in of sand on a sandy, dirty road can create 
objectionable friction between the surfaces of the brake- 
shoe and the drum. There is no perceptible drag while 
the car is clean, but as soon as a sandy type of road is 
encountered, considerable drag is introduced. 

Drag is due also to insufficient strength of the releas- 
ing mechanism; or the action of the brake may not be 
adequate to insure a proper release of the brake-band 
from the drum when the brake-pedal is released by the 
driver, as shown in Fig. 10. When the car is new, it 
may work very nicely; however, traveling in the dust and 
mud of the road for some months often has the effect of 
causing the parts to work heavily. It is not uncommon 
for the springs used to release the brake-shoes to prove 
inadequate for their work, and this results in a drag on 
the car, premature wear on the face of the shoe and often 
the generating of sufficient heat to blister the paint on 
the brake-drum. A brake-drum should be very well fitted 
and run true. Many brake-drums run out over 1/64 in. 
and, as the clearance between the liner and the brake- 
drum is generally less than this amount, the brake-lining 
is in frequent cases rubbing continuously. 


EXPOSED AND PROTECTED TYPES 


From the standpoint of heat radiation, the exposed 
type of brake is evidently best on account of the ability 
to secure air circulation and consequently more rapid 
heat-dissipation. Unfortunately, however, especially on 
rear-wheel applications, the open type of brake is sub- 
ject to the severe drawback of exposure to water, dust 
and grit. Because of the composition of the brake-lin- 
ings, which are heat-resisters primarily, practically all 
of the radiation is from the drum and, naturally, the 
most efficient radiation is secured when the entire outer 
surface of the drum is exposed to the air. With refer- 
ence to heat radiation from the drum, it would be very 
hard to imagine any worse condition possible than that 
obtained in the conventional internal and external types 
of brakes used on the majority of passenger cars and on 
many of the lighter trucks. No more efficient insulation 
could be imagined than the two asbestos linings, one ap- 
plied within the inner and the other on the external sur- 
face of the drum, when both sets of brakes are engaged. 
For normal driving over level country, such a system is all 
that is necessary, of course, because the length of time of 
brake application is insufficient to raise the temperature of 
the drum beyond a safe value. On the other hand, as soon 
as cars equipped with brakes of this type attempt to ne- 
gotiate any long, steep hills, relying on their brakes 
alone, they get into trouble. In other words, it is per- 
fectly possible to burn out the brakes on even the best of 
our passenger cars on a trip say over the Lincoln High- 
way from Philadelphia to Pittsburgh, where the long, 
steep grades of the Allegheny Mountains must be encoun- 
tered. The motorist has only one resource and that is to 
use his engine for a brake. If he fails to do this, or does 
not know how to do it, his brakes will fail. It is only 
necessary to go into this part of the Country on a hot 
summer day to find that the air around the bottom of 
these hills fairly reeks with the aroma of burning brakes. 

Side-by-side internal brakes, which allow the external 
surface of the brake-drum to be exposed and, conse- 
quently, permit more rapid radiation, are only a partial 
solution of this problem. The brake-drum becomes 
heated upon the application of one set of brakes for any 
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considerable length of time, of course, and there is no 
great advantage in being able to alternate the use of the 
two braking system, since both sets in use are compelled 
to operate against the same hot drum. Another draw- 
back to the double internal-brake is that, unless the 
manufacturer has been unusually careful, there is a ten- 
dency to sacrifice brake-shoe widths on this type of brake 
layout to accommodate the widths of the drum without 
getting too deep a brake-drum flange which, of course, 
requires an exceptionally deep draw in manufacturing 
the pressed-steel drum. Two concentric drums on each 
wheel would separate the two braking systems entirely 
from each other, of course, but introduce complications 
that lead to rattles and possibly even structural weak- 
ness. Furthermore, the inner drum is apt to be of insuf- 
ficient diameter and, consequently, the inner brake of in- 
sufficient surface-area. It is very difficult to design a 
brake of this kind that is not too light to have sufficient 
strength and still be crowded into the necessarily confined 
space provided. In addition, the inner brakes will be 
very apt to have insufficient radiating surface on account 
of the insulating effect of the outer brakes. To obviate 
the use of the single drum for the two sets of brakes, 
one is forced to consider the propeller-shaft brake, or 
front-wheel brakes, of which more will be said later. 


3RAKE-ACTUATING MEANS 


The placing both the service and the emergency 
brakes on the inside of the drum has an advantage 
besides that of heat radiation. This is the greater pro- 
tection from dirt, as can be seen from an examination of 
Fig. 4. However, objection is that in the case of both 
sets of brakes it is necessary that they be cam-actuated. 
Some engineers believe that cam-actuated brakes are apt 
to be not positive. This is a debatable point. Where 
only one internal brake is used, the toggle construction 
can be utilized. 

Brake-actuating means are so well known that there is 
no need of discussing them in this paper. The practice 
on the external contracting type is practically universally 
in favor of the pivot anchor directly opposite the con- 


Fic. 14—BRAKE-RopD ASSEMBLY 








Fic. 15—CAaM-OPERATED INTERNAL-EXPANDING SHOE-TYPE BRAKS 
USED ON THE REAR WHEELS OF THE Mack TRUCK 
tracting mechanism. .The brake segments are formed 
with eyes for the anchorage joint or the steel bands have 
a fitting that is riveted to them to serve the same pur- 
pose. The brake support consists of a bracket secured 
to the rear-axle tube or to the radius-rod. The contract- 
ing mechanism is nearly always a floating bell-crank lever 
similar to that shown in Fig. 11, to the short arm of 
which one end of the brake-band is connected by a riv- 
eted bracket, while the other end of the band connects 
through a short link to the fulcrum of the bell-crank. 
The operating rod is connected to the long arm of the 
bell-crank. The short link is hinged to the free end of 
the brake-band and passes through the fulcrum pin, the 
bell-crank being forked at the lower end. A butterfly nut 
is screwed over the end of the link and provides a con- 
venient adjustment. The adjustment is locked by the 
spring surrounding the link, which forces the arms of 
the bell-crank over the flat end of the wing-nut, thus pre- 
venting it from turning. The coil springs help at the 
same time to release the band when the pressure is taken 
off the brake-lever. This method, while offering a sim- 
ple and efficient means of applying the brakes, has also 

the advantage of providing a simple adjustment means. 
The operating means for expanding brakes are of four 
types; the cam as shown in Fig. 15, the toggle illustrated 








AND LAYOUT OF LINKAGE FOR THE COLE CAR WHICH EMPLOYS A DOUBLE INTERNAL AND 
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in Fig. 11, the wedge and the double-arm lever. In the 
cam type the internal shoes are pivoted opposite the ex- 
panding point. An expanding cam is placed between two 
flat surfaces or is contoured to fit a follower surface that 
permits spreading the shoes apart to secure their con- 
tact with the drum. The toggle expanding mechanism 
also is employed very frequently. In this the ends of 
the brake segments are connected by a pair of toggle- 
links from the joints of which another link runs to a 
bell-crank whose shaft has a bearing in the brake-sup- 
porting bracket. Sometimes one or both of the toggle- 
links are adjustable. The toggle mechanism and the 
cam both have the advantage that they afford quick en- 
gagement at first, and then a slower engagement as the 
movement progresses. In other words, a greater lever- 
age is obtained when desired and so is greater speed. 
The wedge expander is simply the action of a wedge that 
is forced between the two ends of the segments, spread- 
ing them apart in the same way as the cam, and the 
double-arm mechanism simply consists of two levers that 
throw over a center, forcing the ends of the segments 
apart when actuated. 

Little need be said regarding brake releasing except 
that the anti-drag features on brakes should be suffi- 
ciently strong to free the bands or shoes from the drum 
positively on disengagement. There are too many in- 
stances of dragging brakes, due to having these made too 
weak for the purpose. The type of brake adjustment se- 
lected will, of course, depend on the design of the brake- 
operating mechanism. With some types of mechanism, 
such as the cam-expanders used in internal-expanding 
brakes, these adjustments are difficult to make. How- 
ever, the question of adjustment is one of a detailed na- 
ture that is of great consequence in one or two particu- 
lars. In the first place, the adjustment should be ex- 
tremely accessible so that the owner can adjust his own 
brakes or, if he needs to have them adjusted, so that his 
bill for this work will be as small as possible. Another 
important matter regarding brake adjustment is that it 
should be arranged so as to preclude much possibility of 
upsetting the layout of brake centers when it is made. It 
is very encouraging to note that there is a marked ten- 
dency to increase the diameter of the brake-drums even 
on the lighter cars. We have always had fairly good- 
sized brakes on our heavier and more expensive cars, bu! 
it is well known that this is a feature that has been ne- 
glected on the light and medium-weight cars, particularly 
those which sell for a low price. Few, if any, brake- 
drum sizes have been worked out by formula. Most of 
them have been made by guess-work at the start and in- 
creased gradually as complaints come in from owners 
and dealers as to the braking ability of the cars. 


FORMULA FOR BRAKE-DRUM SIZE 


I have checked a formula that was worked out by a 
passenger-car engineer who had given the subject con- 
siderable attention. It gives results that are very good 
in the light of present accepted practice. The formula is 

d—[(Wf + 2w) + 1.5] +7 
where 
d = Diameter of the brake-drum in inches 
f = Factor of 0.045 sq. in., or the total effective serv- 
ice-brake surface per pound of the maximum 
weight of the car 
W = Maximum weight of car and load in pounds 
w — Assumed width of brake in inches 

1.5 = Allowance for clearance between the ends of the 

brake-lining 

The results of this can be checked against an area of 
1 sq. in. per 17 lb. of car-weight. For example, apply- 


ing the formula to the Ford car and assuming the total 
weight to be 2500 lb. with passengers and a 11)-in. width 
of brake-band, it will give a drum diameter of 12.4 in. 
or, say 1215 in. This would be about correct for this size 
of car. For another example, applying this formula to a 
large, closed car having a weight with passengers of say 
6000 lb and a 21!5-in. width of brake-band, it would give 
a 174-in. diameter of brake-drum. Using the formula for 
other car sizes and weights, the results appear to work 
out very satisfactorily. A brake exercises its maximum 
efficiency when it is just short of locking the wheels. 
This has been demonstrated in railroad practice and is 
well known by experienced drivers. 
CAR-STOPPAGE ABILITY 


It will be interesting to note what is considered good 
braking in the ordinary rear-wheel-brake application in 
stopping a vehicle. Table 1 has been taken from a test 
made on a car which, with passengers, weighed close to 
4000 lb. 


‘ABLE 1—REAR-WHEEL BRAKE STOPPAGE-ABILITY 


Distance Required for Standard Given by 

Speed, Stop on Actual Test, Thermoid Rubber Co., 
m.p.m. ft. in... ft. in. 

10 5... 9—2.4 

20 34—11 37—0.0 

25 53— 7 58—0.0 

30 74— 5 83—3.6 

40 135— 6 148—0.0 

50 178 0 ye | 


An allowance of 17 lb. of car-weight per sq. in. of 
brake area can be recommended for light and medium- 
weight cars; 20 lb. for heavier cars; and 30 to 50 lb. for 
medium and heavy trucks. Although the diameter of 
the brake is the main consideration in determining the 
holding power, since it determines the braking or re- 
tarding leverage, the width of the brake is a highly im- 
portant factor. On the other hand, engineers should 
not be misled into putting too great a width on the 
brake, because of the difficulty to secure a full contact 
between the lining and the drum when the brake is new 
or when the lining is replaced. The engineer who recom- 
mends the formula that has been presented, after hav- 
ing determined the size of the drum (assuming that he 
is designing an internal contracting brake), lays-out the 
contracting mechanism so that the operating lever hangs 
down and the pull on it is in the opposite direction to 
that of the torque reaction. After having located prop- 
erly the center of the eye of the operating lever as near 
the center of the torque-reaction circle as possible to 
keep the brakes from grabbing, the linkage is then laid 
out to produce a 30-lb. pedal-pressure to lock the wheels. 

The linkage ratio generally is determined finally by 
experimenting. So far as we know, there is no formula 
that is reliable enough to recommend. Tentative linkage- 
ratios are first determined by assuming a 5-in. stroke at 
the pedal and juggling this with the stroke of the lever 
that operates the contracting mechanism on the drum, as 
determined by the layout. The cross-shaft location and 
the location of the center line of the eyes of the levers 
on the cross-shaft can be determined by making a half- 
size wood model of the main leaf of the rear spring, and 
this is fastened to the drawing on the board by wooden 
pins and shackles representing actual conditions. Fast- 
ened to the wooden single-leaf spring is a simulation of 
the rear-axle with the location of the brake operating- 
lever eyes. The model is then moved upward and down- 
ward a distance representing the maximum deflection of 
the spring The curve of the movement of the lever eye 
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is then easily plotted; the curve for torque reaction also 
can be plotted; and from these data it is easy to deter- 
mine accurately the proper location of the centers of the 
eyes to the levers on the cross-shaft. This layout can 
be checked experimentally by bolting a metal shield to 
the frame of the car between it and the brake-drum, to 
which drawing paper is glued. Pencils, held against the 
paper by spring plungers, are located in the same planes 
as the operating-lever eyes and, when the car is driven, 
trace the actual movement of the lever eyes for torque 
reaction and spring deflection. These curves are then 
checked against the curves determined on the drawing- 
board layout and the levers and their locations are then 
determined finally. The engineer who uses this method 
states that it has never failed to produce a good braking- 
system. 

The subject of proper layout for the brake linkage is 
a large one in itself. This matter was covered very fully 
in a paper on the Correct Location of Brake Levers,’ by 
Walter C. Baker, of the Standard Parts Co., that he pre- 
sented before the Cleveland Section. With the Hotchkiss 
drive this is a very important matter, and is now receiv- 
ing the consideration it deserves, although a few car 
builders have realized the importance of it for some time. 
It is a fact, however, that an alarming percentage of auto- 
mobiles having the Hotchkiss type of drive gives a very 
unsatisfactory brake-action over a rough road. I have 
noticed some extreme cases where the links have been 
far off from the desired center. In one particular in- 
stance, when driving a certain car not long ago, the pedal 
moved through 3 or 4 in. of travel when running over 
extremely rough roads, and actually applied the brakes. 
When attempting to apply the brakes over roads of this 
kind, the wheels would alternately lock and release as 
the obstructions in the road were encountered, causing 
a tremendous chatter to be set up that not only made 
driving very unpleasant, but was extremely hard on the 
tires as well as on the entire structure of the car. Mr. 
Baker described in his paper the use of a simple measur- 
ing-device that permitted locating the proper center for 
the link-eyes. This center should coincide with the center 
of torque rotation and the center of spring flexure so 
that little or no pedal-action can be caused, either by 
the flexure of the springs or by the torque reactions in 
the rear-axle tube to which the brake support is con- 
nected. 

An important point that should be taken into con- 
sideration in determining the position of the operating 
levers is that the pulling levers should all be arranged 
so that they will start in the longest position, or at 
approximately 90 deg. in relation to the rod, and end 
their movement at the shortest radius and with angles 
greater than 90 deg. The pulled levers are arranged to 
start operating at their shortest radius and end their 
movement at the longest radius with an angle of approxi- 
mately 90 deg. when the brakes are applied. There is a 
general belief that the best results can be obtained by 
the use of brake-rods having front joints that are as 
nearly as possible in line with the front pivot of the 
radius-rods or torsion-tube, where used, or with the front 
spring-eye of the rear spring in the Hotchkiss-drive 
arrangement. Good results can be obtained when the 
rear ends of the rods are joined to brake levers at the 
back of the axle, instead of at the front as shown in Fig. 
16. In this position, the radius of their motion is longer 
and, consequently, the chord of the are through which 
they travel in response to spring action is flatter, pro- 
ducing less push-and-pull effect. This position sometimes 


2See TRANSACTIONS, vol. 14, part 1, p. 657. 
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has the advantage of placing the rear ends of the rods 
where they are more accessible for adjustment. To 
emphasize this point of adjustment it must be pointed 
out that poor adjustments often will spoil a good brake- 
layout. The burden of blame, however, should be borne 
by the designer, because of his failure to provide adjust- 
ments that are more nearly fool-proof. The brake- 
adjustment means should be simple and accessible so 
that the operator can keep the brakes properly set-up. 
It should be possible to take up wear on a brake by hand, 
without the use of any tools, the adjustment being made 
so as to be self-locking and proof against loosening from 
vibration or road shocks. 
BRAKE EQUALIZERS 

Regarding brake equalizers, there are two directly 
opposite schools; one believes that brakes cannot be 
equalized commercially, and the other uses brake equal- 
izers as stock practice only on the service brake, gener- 
ally, but sometimes on both. The reasons given by both 
sides are very interesting and cast some light on the 
entire question of brake-linkage layout. Some of those 
who do not use equalizers believe in equalization, but 
think that it is secured inherently in the mechanism that 
they employ, without a special equalizer-bar. Equal- 
ization is secured by some of the companies through use 
of cross-shafts that are sufficiently long and flexible so 
that they will spring enough to distribute the pressure. 
This has the advantage that in case rods, pins or any 
parts break or become loose on one side, it will not cause 
the other brake to be inoperative. An interesting reason 
that has been cited against the use of equalizers is that 
if they are not used and if oil collects on any one of the 
brakes and then the brakes are applied, greater braking 
is received from this wheel than if an equalizer were 
used. There is doubtless a great amount of difficulty in 
getting equalizers to work so that they will be absolutely 
certain. For this reason they have not been used by 
many firms. One builder states that it is possible to 
obtain a set of equalizers that work perfectly before the 
car is painted and never work afterwards, or be very 
satisfactory after the car is painted but go out of cum- 
mission after the first piece of dirt gets into the brake- 
shaft bearing. 

The question comes back to whether the equalizer can 
be made a commercial proposition. There is no doubt 
that a perfectly equalized brake is better than one that is 
not equalized, the matter being more of a commercial 
one as to whether brakes can be equalized so that they 
will remain so under service conditions. Of course, with- 
out equalizers it is absolutely essential that a very care- 
ful adjustment be made in the brakes so as to have both 
take hold with equal strength. When cars are not 
equipped with equalizers, there is a tendency for a brake 
to take hold at one wheel only if the adjustment is not 
proper. The result is that this wheel is often swung 
backward into the center line of the axis of the car. In 
other words, if the brake that holds be the rear right 
brake, the rear end of the car would have a tendency to 
swing to the left, an action that is dangerous at high 
speed or over slippery roads. 

Some of the constructions of the equalizing-bars are 
very ingenious. They must be made rattle-proof but af 
the same time capable of taking all the stresses of brake 
application without noise. One company in the low- 
priced field uses two equalizing-bars as well as four pull- 
back springs hooked to the rear axle. The result has 
been a low-priced installation, particularly in view of the 
fact that it has been necessary to run the brake leverage 
inside the frame with this design. It has been found 
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economical by some to put the equalizer on the rear axle. 


This eliminates the necessity of having to employ a more 
extensive construction near the center of the car. One 
of the best compensating devices is the portion of a 
differential gear that has been used for years on the 
Rolls-Royce and has been seen on one of the higher- 
priced American cars brought out within the last 2 or 
3 years. 

When all phases of the matter are considered, it is 
found possible to get good results with either equalized 
or unequalized brakes. The question is really one of com- 
mercial practice rather than actual mechanical preference. 
An objection to unequalized brakes is that if the connec- 
tions to the brake on one side are a little stiffer than the 
connections to that on the other side, the brake on the 
freer side will release before that on the tight side, tend- 
ing to cause skidding. This condition, is in rare cases 
so exaggerated that the freer side will release enough 
to allow the pedal to come back to the stop without re- 
leasing the tight brake. This naturally will cause the 
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Fic. 16—CaBLE TyPpb OF SERVICE BRAKE USED ON THE LEXINGTON CAR 
The Position of the Operating Lever Behind the Axle and the 
Accessible Adjustment Should Be Noted 


dragging of one brake, with an increased fuel-consump- 
tion and unnecessary wear on the bands. 

Some recent installations of cable equalizers, an ex- 
ample of which is illustrated in Fig. 16, are interesting. 
Care should be taken against stretch and excessive back- 
lash. The entire question of equalization must be solved 
by individual preference, for there is much to be said 
on both sides and it is feasible to get good results either 
with or without equalizers. It is possible to prevent 
rattle in any case throughout the entire linkage by the 
careful installation of take-up springs that keep the link- 
age under tension at all times. 


BRAKE-LININGS 


The subject of this paper is brake design and not 
brake-lining. However, there are a few qualities of 
brake-lining that should be taken into consideration. In 
the first place, there is a direct connection between the 
two subjects, because good results cannot be expected 
from any brake-lining unless the brakes are designed so 
as to allow its good qualities to assert themselves. It is 
unfair to expect any brake-lining to give good results 
when the brake design is such that it is impossible for 
the heat generated in deceleration to be dissipated. It 





must be remembered that the coefficient of friction of 
brake-lining is different when the brakes are cool from 
what it is when they are hot. This has been demon- 
strated very effectively by the Bureau of Standards 
which, in cooperation with the Motor Transport Corps 
and the Society of Automotive Engineers, has made ex- 
tensive tests of brake-lining materials. Many of these 
have been published. One interesting fact was demon- 
strated regarding the coefficient of friction. During the 
long-time runs with cooled drums, the coefficient remains 
more nearly constant than during hot tests. The aver- 
age value of the coefficients of a number of samples of 
brake-linings was nearly 0.40. In some places it was as 
low as 0.30, while in a few samples only was the average 
over 0.50. The extreme values of the coefficients were 
approximately 0.28 and 0.60. The effect of leakage of 
oil to the brake-shoes was demonstrated in these tests 
by saturating samples of the lining with oil and then 
noting the coefficient of friction. A few samples satur- 
ated with oil and with oil constantly supplied showed a 
coefficient between 0.10 and 0.20. After discontinuing 
the supply of oil, the coefficient rose in from 15 to 30 
min. to values between 0.20 and 0.30 and was then main- 
tained steadily. The question of how much brake-area 
a car should have is one that has been given considerable 
attention since the tests mentioned were made. One 
very prominent manufacturer of brake-lining states that 
a car should have a brake with a surface equal to 1 sq. in. 
for every 17 lb. of car weight. This alludes to the actual 
surface of brake-lining that should be used. 

Another fact that should be mentioned in this brief 
discussion of brake-lining is that it is very regrettable 
that the so-called standard figures on brake-lining are 
not really standard at all. One large manufacturer of 
brake-lining states that it is his belief that the number 
of sizes should be reduced materially. He says that four 
or five widths are ample to cover the range of passenger 
cars and, with the addition of one or two sizes, the same 
would hold true for trucks. This same manufacturer 
argues that the same thing applies to the thickness; it is 
the belief of this company that satisfactory and econom- 
ical service ‘cannot be obtained from lining less than 
3/16 in. thick. To sum up these two points, the opinion 
of this company is that everybody would be benefited, 
from the manufacturer to the consumer, if the linings 
were standardized to eight numbers at the most. The 
dealer could then afford to stock the complete line and 
delays necessitated under the present diversified num- 
bers would be lessened greatly. As a general matter, it 
can be stated that the prevailing view among brake- 
lining manufacturers is that the average passenger car 
and truck is under-braked and, consequently, that too 
severe stresses are being placed upon the lining and 
exaggerated requirements exacted. Looking at the mat- 
ter from the other side of the picture, one prominent 
engineer in the passenger-car field states that he be- 
lieves there is much room for improvement in brake- 
linings. Most of them are woven very loosely and are 
compressed easily, he- says, “So that the brakes fre- 
quently must be taken up on account of the great pressure 
exerted on the brake-shoes compressing the woven 
asbestos, rather than because of actual wear that has 
taken place.” The manufacture and composition of 
brake-lining should receive careful attention and treat- 
ment from the Society. They are certainly at least 
equal in importance to the design of the brakes them- 
selves. 

If we were to sum up the brake situation from what 
we have seen in the review of brake design up to this 
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point, we would be forced to the conclusion that we are 
obtaining as good results as can be expected with the 
brake systems now in use. If we are not getting these 
results, it is because we are neglecting some of the 
salient points that have been mentioned here. We have 
insufficient braking-area because the brake-drums are 
not large enough, the type of installation used does not 
apply the full surface at its full efficiency, we have weak 
or flimsy materials in the construction of the brakes, the 
layout is not such as to produce the best results, the 
brake linkages are incorrect and do not give the desired 
pressure on the brakes, or the heat-dissipating qualities 
are not sufficient to take care of braking for an extended 
length of time down long grades. When we have gone 
all through the features of design that make a brake 
good, we are in a position to ask ourselves whether 
we are obtaining the results that we should expect. A 
very large percentage of engineers will agree that we are 
not. 
BRAKES OF THE FUTURE 

We are entering a period in the economic life of the 
Country in which automotive transportation is just be- 
ginning to come into its own. With hundreds of millions 
of dollars to be expended for roads during the next few 
years, the possibilities of automobile transportation are 
just about to be realized. The through trunk-line roads 
to be constructed mean that automobiles will travel them 
from end to end at high rates of speed. We look for the 
time when speed-limits on these roads will be either 
abandoned altogether or lifted to such an extent that the 
express train will be rivaled. 

If these conditions are to apply, it will be necessary 
to control the car much more effectively than is now 
necessary in the ordinary traffic, and we will have very 
little.use for braking systems that are not superior to 
those that we now have installed. The time is coming 
rapidly when moderate rates of speed will prevail only 
it city driving, and throughout the Country the express 
lines for passenger or freight cars will be operated at 
speeds of from 30 to 50 instead of from 20 to 35 m.p.h. 
Many of our prominent national routes traverse many 
miles of actually mountainous country. The part of 
Lincoln Highway between Philadelphia and Pittsburgh, 
which has been much traveled during the past few years, 
was one of the big connecting-links for automobile trans- 
port during the war. Those who were in the motor 
transport service during the war will remember that it 
was necessary to reline practically every set of brakes 
on the trucks that reached the eastern coast after a trip 
over this highway. 


THE ENGINE AS A BRAKE 


It must be admitted frankly that the heat-dissipating 
qualities of our present braking-systems are not suffi- 
cient to care for the extreme load of mountain driving. 
To come through safely, we must use the engine as a 
brake. If this is acceptable and desirable, there is little 
more to be said; because, by using the engine as a brake, 
the braking system can be nursed carefully so that it 
will not be worn-out in an unduly short period of time. 
If, on the other hand, the procedure is unsatisfactory 
and we should have a braking system independent of the 
engine, we are driven to other methods. It should be 
stated that if automobile and truck designers expect the 
engine to be used as a brake, the elements receiving the 
braking stresses, such as the universal-joints and power- 
transmission parts in both the gearset and the rear axle, 
should be designed accordingly. It is necessary only to 
stand at the foot of the hill on the New Jersey side of 





Fic. 17—HYDRAULICALLY OPERATED FouR-WHEEL BRAKES EMPLOYED 
ON THE DUESENBERG CAR 


the ferry from Dyckman Street, New York City, or at the 
foot of any of the long, steep hills around Pittsburgh, 
and listen to the squealing of dry and overheated clutch 
and transmission bearings to realize that there are many 
instances where the engine and transmission system is 
not adapted to taking the braking stresses. 

A development that is tending to make the use of the 
engine as a brake much easier is the invention of gear- 
shifting devices that permit changing speeds up or down 
regardless of the speed of the vehicle. It is the inability 
to slip from high gear into intermediate when going 
downhill that makes engine-braking very dangerous. 
With some of these new transmission-systems it is pos- 
sible to go not only into intermediate but into low or 


even reverse should this be required under these circum- 
stances. 


FOUR-WHEEL AND FRONT-WHEEL BRAKES 


The four-wheel brake offers some very interesting 
possibilities for both passenger cars and trucks. The 
chief criticism that has been directed against it is its 
complications. Whether this will be sufficient to kill the 
idea remains to be seen. I believe that within the next 
5 years we will find a very marked increase in the use 
of this system of brakes. With a braking system in 
which all four wheels are equipped with brake-drums, the 
brakes being applied simultaneously by the service-brake 
pedal, and an emergency brake on the propeller-shaft, it 
would seem that a very efficient layout could be obtained. 
We are limited in braking ability by the frictional con- 
tact between the tires and the ground. There are four 
points of contact and, if all four wheels were locked, a 
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nee, —— cars, during a single trip downtown, that had suffered 
| | | rear-wheel fracture due to skidding over the slippery 
| paved streets into the curbs. If front-wheel brakes would 


tend to cure this situation, as well as to increase the 
safety of both pedestrians and vehicles during wet and 
slippery weather, they should be carefully considered by 
, the industry, which must hold itself responsible for all 
accidents due to imperfection of design. In hilly cities, 
such as Pittsburgh, the number of skidding accidents 
in wet weather is tremendous, in spite of the fact that 
cinders are spread on nearly all of the bad curves and 
grades to prevent these accidents. It is useless to say 
that operators should not drive at 20 to 35 m.p.h. down 
these wet and icy hills and then try to stop suddenly. If 
they do drive that way and are within the law, it is in- 
cumbent upon the industry to provide brakes that will 
meet the conditions if it is possible to do so. 

It is possible to operate four-wheel brakes mechanically, 
hydraulically, pneumatically or electrically. All these 
methods have been tried with varying degrees of suc- 






















F 19—BRAKE CONNECTION LAYOUT (READING FROM THE To! 
DOWN) ON THE BELLANGER, EXCELSIOR AND DELAGE CARS 


total braking drawbar-drag of a fixed quantity would be ry : ab = 
available to stop the car. This quantity is different for wn +” 
7 





every condition of the ground but, inasmuch as the car 
weight can be stated as being approximately 60 per cent 
on the rear and 40 per cent on the front wheels, if we 
add the two front wheels to our braking equipment, we 
increase the braking possibilities by 40 per cent, neglect- 


j c 
" F 7 - = S \ > \ {2 
ing the moment that tends to throw an increased weight | SHY } \ 


on the front wheels and which would consequently aug- | = AV y—_—__4 yi 
ment the brake efficiency of the front-wheel brakes | 

to a very large extent; or, to put it in another way, we ——— fy 

reduce the amount of heat that must be dissipated : 


through the rear drums by a like amount, in bringing 
the car to a stop. This reduction can be made in either 
the time or the temperature factor, provided we are 
bringing the car to a stop within a definite distance or 
in the shortest possible time. 

There is no doubt about the increased efficiency of 
braking with four-wheel brakes. The tendency to skid 
is recognized to be less, and the question simmers down 
to whether the additional complication necessary is com- 
pensated by the increased braking-ability. It is a fact 
that the use of front-wheel brakes would tend to reduce 
the number of accidents due to skidding. They would be 
well justified even at a slight increase in the cost of 
manufacture and in spite of the added complication. 
With the present heavy traffic in all cities it is not un- 
usual for 100 or more vehicles to suffer skidding acci- et «th iiiinaiek se tadamiaiinctinaiin te niles. itis nei tara saat ie 
dents during the morning or evening rush hours. In  pown) on rue DaRRAcg, HISPANO-SUIZA, ISOTTA-FRASCHINI A} 
the first light snowfall of 1921 in Detroit I counted 10 
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Fic. 21—FRONT-WHEEL BRAKE OF THE DuFrourR TRUCK AT THE LEFT AND AT'THE RIGHT THE SCAT FRONT-WHEEL BRAKE 0 


191¢ SHOWING THE INCLINED STEERING PIVOT 


cess. The hydraulic system probably shows the greatest 
promise at present because of its simplicity and also from 
the standpoint of perfect equalization. It has received 
one marked criticism in that failure of one of the pipes 
throws the entire system out of order. However, with a 
suitable large transmission-brake as emergency equip- 
ment, this objection is largely overcome. 

A criticism of some weight that has been offered on 
front-wheel brakes is the tendency to go into a front- 
wheel skid; but it can be overcome. The front-wheel skid 
is caused by attempting to steer the car when the brakes 
are applied. It is apt to occur, for instance, in going 
into a curve at high speed and attempting to check the 
speed suddenly. The dragging action of the front wheels 
on the ground, enhanced by the angle at which the wheels 
are turning in steering, will throw the car into a front- 
wheel skid if the ground is at all slippery, or covered 
with a loose and non-adhering top-dressing. A remedy 
for this is to make the rear-wheel brakes slightly more 
powerful than the front-wheel brakes. On a recent in- 
stallation of hydraulic four-wheel brakes on a heavy 
passenger-car, shown in Fig. 17, the brake-drums are 
forgings 16 in. in diameter on all four wheels. The 
drums are ground to obtain a perfect braking-surface. 


\ j 


-AT THE LEFT THE DBLAGE BRAKE WITH’ THE 





Circumferential fins are machined on the outer edges to 
provide strength, together with lightness and radiating 
surface. The four brakes are operated by hydraulic 
pressure. A master cylinder is connected to the brake- 
pedal and the liquid is forced through the lines running 
to the four wheels by a piston in the master cylinder. A 
small cylinder in each of the four brakes has a piston 
that is forced upward by the liquid entering the cylinder. 
The piston at the brakes operates a toggle-arm that, in 
turn, expands the two brake-shoes in each brake. All 
four of these brakes are operated simultaneously by the 
service-brake pedal. An interesting feature of the 
brakes is that, owing to the floating arrangement of the 
piston and the toggle, the brakes are self-centering and 
consequently self-equalizing. When the brakes are ap- 
plied, they provide equal pressure against the drums. 
Water is used as the brake-operating fluid in summer, 
and an anti-freeze solution in winter. In this car the 
hand-brakes operate on a drum at the forward end of 
the propeller-shaft. 


THE SERVO PRINCIPLE OF OPERATION 


The Hispano-Suiza firm showed at the French Salon 
of 1919 a four-wheel-brake equipment that excited many 
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Fic. 23—TRANSMISSION BRAKE ON THE BENZ CAR HAVING A SIMPLE 
AND STURDY ADJUSTMENT OF THE OPERATING LEVERS 


comments from European engineers. The Hispano-Suiza 
brake makes use of the servo principle, which is very 
closely related to the principle used in manipulating the 
steering-gear of large vessels. In the servo principle, the 
hand or foot operation simply sets in motion a more 
powerful mechanical means that registers exactly with 
the movement of hand or foot in manipulating the con- 
trol. In steering a vessel of large size, turning the 
wheel sets in motion a steam engine or some other type 
of power that turns the heavy rudder an amount corre- 
sponding with the movement of the wheel. On the servo 
type of brake, the depression of the pedal causes a corre- 
sponding movement of the brake linkage by releasing 
some source of energy independent of the manual oper- 
ation. On the Hispano-Suiza cars the energy which is 
made use of is the motion of the vehicle itself. Referring 
to Fig. 18, there is a drum, a, that turns with the move- 
ment of the vehicle. The segments b are mounted upon 
a transverse member, c, upon which are the pivot points 
for the segments b. The pedal that controls the brake is 
mounted upon an extension of the cam piece d. If the 
pedal m is turned through an arc of 1 deg., the cam piece 
d expands the segments b, causing them to make con- 
tact with the rotating drum a. Frictional contact causes 
the drum a to carry around with it in rotation the seg- 
ments b, which, in turn, carry the transverse member c. 
But when the transverse member will have turned 1 deg., 
the segments also will have turned through 1 deg. and as- 
sumed their original relative position, and there is no fur- 
ther motion. During the time the brake-shaft rotates with 
the drum a, motion is being imparted to the braking 
mechanism by the worm e and wormwheel f. The worm- 
wheel is solidly connected with the brake drum a. A 
differential, h, equalizes the tension of the front-wheel 
brakes; k is the lever controlling the rear brakes and l 
the lever controlling the front-wheel brakes. 


3 See Omnia, June, 1921, p. 30. 





*See Omnia, October, 1921, p. 356. 
5 See Automotive Industries, Nov. 17, 1921, p. 964. 
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For information on experience with front-wheel 
brakes we must look to Europe, which has been a leader 
in this respect. Typical European layouts are repro- 
duced in Figs. 19 to 22 inclusive. If we are to find 
effective brakes, naturally we should seek them in local- 
ities where they are absolutely required. Viewing cars 
that are operated in mountainous districts, such as the 
Alps, we find that their braking systems have been given 
very intensive study and that some interesting appli- 
cations have been made; the front-wheel brake is the 
rule and not the exception on heavy cars. The servo 
arrangement is found here in principle, with two or 
three varieties of application. As a rule, however, the 
front-wheel brakes are operated by straight mechanical 
linkage. 


MISCELLANEOUS BRAKING METHODS 


We find all sorts of combinations of front and rear 
wheel and transmission brakes. Diagonal braking has 
been tried, putting the foot-brake on say a left-front and 
a right-rear wheel and the hand-brake on a right-front 
and a left-rear wheel. The Rochet-Schneider Co., 
after an exhaustive series of tests in the Alps, selected 
the front wheels and transmission for the foot-brake 
and the rear wheels for the hand-brake. On the Duesen- 
berg car that distinguished itself in the French Grand 
Prix race, the foot-brake operates hydraulically all four 
wheels and the hand-brake is on the transmission. One 
important point in the installation of front-wheel brakes 





Fic. 25—TuHE CRANE BAND-TYPE BRAKE IN WHICH Two RELATIVELY 
NARROW BANDS ARE EMPLOYED 


is that the steering-knuckle pivot-pin must be inclined 
so that, if produced, it would intersect the point of con- 
tact of the center of the front tire with the ground. This 
is essential to preserve good steering-ability with front- 
wheel brakes. I shall not attempt to give a detail de- 
scription of the various foreign brake-applications. A 
very complete article by H. Féron entitled, Les Freins 
sur Roues Avant (Front-Wheel Brakes),° appeared re- 
cently, and reference is made also to a very good descrip- 
tion of the Delage front-wheel brake.‘ 

There is an article on Automatic Brake Regulation to 
Prevent Wheel-Locking’® in which is described a servo 
type of brake known as the Hallot that was exhibited on 
the Chenard-Walcker car at Paris. The brakes in this 
design consist of the usual drum, an expanding or con- 
tracting member, but instead of being rigidly keyed to 
the wheel hub, the drum is free to turn thereon. In 
addition to the above mentioned part, the brake com- 
prises a disc or spider that is fastened upon the shaft, 
to be retarded to take the place of the web or spider of 
the ordinary brake-drum. The rim of this disc is formed 
with recesses in which centrifugal weights are located. 
These weights are pressed lightly against the inside of 
the brake-drum by coil-springs within them and, when 
the whee] is rotating, they are pressed against the drum 
by the additional force of the centrifugal action. Radial 
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FIG. 


26—CONTRACTING-SHOB TYPE BRAKE MOUNTED ON THE TRANSMISSION OF THE PACKARD TRUCKS AND OPERATED BY A 


HAND-LEVER 


pressure, due to centrifugal force, varies as the square 
of the speed of the car and is, therefore, very great at 
high speeds and very small at low speeds. Suppose that 
the car is proceeding at high speed and that the brake is 
applied. At first, the brake-bands or sectors will slip on 
the drum, because the centrifugal weights rotating at 
very high speeds are applied with great force to the 
drum and hold it fast on the wheel hub. But, as the speed 
of the vehicle decreases, a point is reached where the 
friction between the brake-band and the drum exceeds 
that between the centrifugal weights and the drum, and 
slipping will occur between the latter parts. It will be 
seen readily that, with this construction, it is impossible 
to lock the wheels because, as the wheels approach a 
standstill, the centrifugal force of the weights becomes 
almost zero and the retarding efforts practically vanish. 
By proportioning the parts of the brake properly it is 
possible to limit the force of application to just a little 
less than that required to cause locking and then obtain 
the maximum retarding effect. 

An interesting mechanically operated front-whee! 


®See Automotive Industries, July 14, 1921, p. 79. 





brake was recently brought out by the Shuler Axle Mfg. 
Co. This is an internal expanding toggle-operated type 
and was recently described in one of the trade journals.° 

The Benz car employs transmission and rear-wheel 
brakes, shown in Figs. 23 and 24. The transmission 
brake-drum is bolted together with the forward part of 
the universal-joint case. The brake-shoes of steel have 
cast-iron linings and their right ends are swiveled to a 
bracket bolted to the transverse frame-member. The 
other ends are operated by a lever and a bolt. When the 
linings become worn slightly, the shoes can be adjusted 
by a butterfly nut. After more extensive wear the brake- 
rod is shortened by screwing-up the yoke. In case of 
unequal distance of the brake-shoes from the drum, the 
lock-nuts 7 and k of the two screws are loosened and the 
screws adjusted accordingly. To prevent undue heating 
of the transmission brake, a water-tank is provided, at 
the right side of the transmission-case, from which cool- 
ing water is forced by exhaust-gas pressure to the sight- 
feed with a stopcock at the dashboard, whence it is 
allowed to flow to the brake-drum. The brake-shoes also 
have cooling ribs on the outside. A horizontal section 








Fic. 27—EXPANDING-SHOE TYPE BRAKE USED ON THE PACKARD 3-Ton Truck 
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through the drive-shaft and rear axle is shown in Fig. 
23. Two parallel radius-rods serve to transmit the pro- 
pulsive effort from the rear axle to the frame. They 
have an eye at the rear end supported by an axially 
drilled pin with provision for grease lubrication. The 
front end has a ball-joint spring-cushioned to damp-out 
road and starting shocks. This joint is lubricated with 
grease through a drilled pin. The rear wheels can be 
detached after removing the axle cap and nut by insert- 
ing a wheel-puller in place of the cap. The design of 
the rear-wheel brakes is clearly shown in Fig. 24. Inside 
the brake-drum are the two brake-shoes lined with 
asbestos fabric and carried on two pivots. The free ends 
are connected by toggles and a link with a lever-arm. 
Equalization of the two rear brakes is effected by means 
of the simple ball-headed balance-lever arrangement, 
shown in Fig. 24. When the brake-shoes are worn, ad- 
justment can be made in the brake linkage, but it can 
also be made on the brake itself, after removing the rear 
wheel, by loosening the check-nuts and lengthening the 
toggles. 

Henry M. Crane is among the advocates of the band- 
type brake, provided it is properly constructed. A design 
incorporating the desirable features of this brake, pre- 
pared by Mr. Crane, is shown in Fig. 25. As has been 
pointed out, one of the chief advantages of the band 
brake is the fact that it can be made to bear on almost 
the full circumference of the brake-drum, which is 12 in. 
in diameter, whereas in the internal shoe-type brake it is 
difficult to secure an effective contact over more than 
one-half the circumference. The expanding-shoe type 
also tends to distort the drum, while there is no such 
tendency in the band type. The large arc of contact and 
other features make it possible to make a band brake of 
given capacity much lighter than one of the internal- 
shoe type. Smoothness in brake operation depends to a 
considerable extent upon low unit-pressure on the brak- 
ing surface. With the band type a low uniform pressure 
is readily secured in combination with a brake of adequate 
capacity and moderate weight. Smooth operation is 
facilitated by providing a rigid brake anchorage. 

Referring to the illustration of the Crane design of 
band-brake, it will be noted that two narrow drums, 
placed back to back, are employed, and that two rela- 
tively narrow bands, 2 in. in width, are used in place of 
a single wide band. The two primary reasons for using 
this dual construction are that two narrow drums are 
less apt to distort due to heating than a single wide 
drum, and two narrow bands are less likely to bear un- 
evenly than a single wide band. Uneven bearing on a 
wide band may tend to cause chattering. By placing the 
brake-drums back-to-back with spacers between, and 
drilling holes in the web of the drum, air is drawn 
through the space between the drums to assist in cooling 
them. 

A single rigid anchorage is provided. The link a, 
attached to the anchorage at one end and to the band at 
the other, is held against the stop-screw b by the spring 
c. The spring keeps the band lining out of contact with 
the drum at all times when the brake is in the off- 
position. Two views of the linkage employed for oper- 
ating the brake are shown. The operating shaft d carries 
a heavy bent arm e, the outer end of which engages the 
hole f in the link g. The other end of the link g is 
pinned to the long arm of the lever h. This lever is 
pivoted on the pin i, to which is attached the adjustable 
link 7. The lower end of the link j is pivoted in a fitting 
k riveted to one end of the brake-band. The other end 
of the brake-band is connected to the short arm of lever 
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h. A spring surrounding the link 7 holds the two ends 
of the band apart. The fitting & rests against the adjust- 
able stop-screw / in its off-position. Motion of the long 
arm of the lever h away from the drum causes the two 
ends of the brake-band to come more closely together 
and brings the braking surface into engagement with 
the drum. 

The brake-band is rolled to a true circle; consequently, 
the brake cannot drag if the stops b and / are properly 
adjusted. It will be noted that the link g remains in a 
substantially radial position in all positions of lever h. 
This counteracts any tendency there may be for the brake 
to jamb or become self-acting due to the tendency of 
the braking friction to carry the band around. It will 
be noted that the difference in the length of the arms of 
lever h is sufficient to give considerable multiplication 
of the pull applied to the long arm. This makes unneces- 
sary any other multiplication of the pressure than that 
provided by the normal difference in the length of the 
two arms of the operating pedal. The brake-band is, of 
course, stiff enough to clear at all points, but it is suffi- 
ciently flexible to insure uniform contact-pressure over 
the entire braking surface, and thus distribute wear. 

This brake is designed for application to the trans- 
mission. Light pedal-pressure is sufficient to lock the 
wheels of a heavy car easily even when there is oil on 
the braking surface. The use of a small quantity of oil 
on the brake is, in fact, recommended as a means of 
facilitating smooth operation and minimizing wear. 

The Westinghouse Air Brake Co. has made a number 
of interesting installations that have been applied to 
several hundred trucks and cars with, it is claimed, very 
satisfactory results. In this system the engine is used 
to furnish the pressure for operating the brakes, making 
it unnecessary to install an additional compressor. 
Pressure is imparted to the brake connections bv 
diaphragms. The compressed air, or gas, is supplied 
through a special ball check-valve, of dimensions not 
greatly exceeding those of a spark-plug. This check- 
valve is known as the accumulator, and is screwed into 
the cylinder-head generally in place of an existing pet- 
cock. From the accumulator the air is led by a copper- 
tubing connection to a sheet-steel reservoir. When the 
engine is started, each explosion in the cylinder sends a 
puff of gas into the reservoir and, by the time the ma- 
chine is put in motion, enough pressure has accumulated 
in the reservoir to permit proper braking of the vehicle 
at low speeds. It is claimed that by the time the vehicle 
has traveled a distance equal to that of a city block, 
enough pressure has been accumulated in the reservoir 
to make possible several high-pressure brake appli- 
cations, even if the engine were no longer keeping up 
the pressure. If no brake applications are made after 
the reservoir has reached full pressure, the engine ceases 
discharging gas into the reservoir because the back- 
pressure from the reservoir seats the ball check-valve in 
the accumulator, and prevents further egress of the gas 
from the cylinders. When the pressure in the reservoir 
drops, due to application of the brakes, the ball-check in 
the accumulator functions again, and the pressure in the 
reservoir is brought back to the high point after travel- 
ing a short distance. ‘ 

From the reservoir a connection is made to a brake 
valve located in a convenient position on the steering- 
column or dashboard. The brake valve has a handle 
comparable with the spark or gas-control lever, and mov- 
ing through about the same arc. The brake valve is de- 
signed so that in admitting air from the reservoir to 
the chambers that directly apply the brakes, a certain 
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pressure will be established in the brake chambers corre- 
sponding to the position of the brake-valve handle, irre- 
spective of any excess pressure that may exist in the 
reservoir. The farther the brake-valve handle is moved 
from its off-position, the greater the pressure in the 
brake chamber is, up to the point corresponding to the 
emergency-application position of the brake-valve handle. 
The brake chamber consists of two dished plates be- 
tween which is a heavy rubber diaphragm. The air is 
admitted on one side of the rubber diaphragm and causes 
it to move forward. On the other side of the diaphragm 
is a plate into which is fastened the push-rod that is 
connected to the brake-rod. In order that the brakes 
can be released more quickly than would be the case if 
all the air from the brake chambers were caused to ex- 
haust through the exhaust port in the brake valve, a 
quick-release valve is installed in close proximity to the 
brake chambers. One of the interesting features of this 
system is that it can be used in connection with trailers, 
making it possible to brake the trailers as well as the 
tractor. In case of accidental disconnection between the 
trailer and the tractor, the brakes are applied auto- 
matically by a special emergency-valve. 


TRUCK BRAKES 


On truck brakes, the following statements have been 
made by an engineer specializing in this work and seem 
to represent what is considered good practice. 





Fic. 28—BrakKE-Rop ARRANGEMENT EMPLOYED ON THE MACK TRUCK, 
THE Foot-BRAKE BEING ON THE REAR WHEELS AND THE HAND- 
BRAKE ON THE TRANSMISSION 





Fic. 29 


CONTRACTING-SHOEB TYPE BRAKE USED ON THE TRANS- 
MISSION OF THE Mack TRUCK 


(1) Truck brakes should be designed in terms of truck 
weight in pounds per square inch of lining. This 
has, of course, a distinct bearing upon the dura- 
bility of linings. It is a very much neglected factor 
in some designs. A weight of from 30 to 50 lb. 
per sq. in. of lining for a hand-brake on the rear 
wheels gives satisfactory results. For a foot- 
brake applied to the transmission, a greater value 
can be used, namely, 100 to 150 Ib. per sq. in. In 
both cases a smaller value is much to be preferred; 
in fact, the lower this can be kept the better 

(2) The average brake-lining will give the best results 
provided the pressure does not exceed 100 lb. per 


sq. in.; as in item (1), the lower the pressure is, 
the better the results become 


(3) Calculations should be made for leverage on a 
value of about 26 to 1 for the transmission brake; 
50 to 1 for the hand-brake on the rear wheels; 
and 20 to 1 for the foot-brake on the rear or the 
front wheels; these values have been found through 
experience to be very satisfactory 


(4) The average man can exert a pressure of approx- 


imately 200 lb. on a pedal and about a 100-lb. pull 
on a lever. It should be remembered that 75-per 
cent efficiency for linkage is a high figure in view 
of the fact that the joints invariably lack lubricant 
and therefore stick 


(5) Other important values are 0.25 for the coefficient 


of friction of fabric and 0.50 for the coefficient of 
friction of the tire on the road 


Some representative examples of the brakes used on 


different American trucks are shown in Figs. 26 to 29 
inclusive. 





CROSS-COUNTRY FLYING BY THE AIR SERVICE 


a is estimated that during the calendar year 1921 a total 


of 5,063,909 man-miles were flown by the Air Service per- , 


sonnel on cross-country flights. These figures cover only 
flights exceeding a distance of 10 miles from an airdrome 
with a definite destination in view, either with the purpose 
of landing at that destination or returning from the des- 
tination upon completion of the specific purpose of the 
flight without landing away from the airdrome. 

By man-miles is meant the number of miles flown by each 
man in any one plane; a plane carrying two people and 
traveling to a station 50 miles distant and return will carry 
out 200 man-miles of cross-country flight. A tabulation of 
the number of man-miles flown at the various Air Service 


stations shows that Post Field, Fort Sill, Okla., heads the 
list with 826,084 man-miles. The commanding officer of that 
station states that the total time flown by all pilots at the 
field, 9,836 hr. at 85 m.p.h., totals 836,060 miles or, based on 
two persons in each ship on each flight, the man-miles total 
1,672,120, approximating a distance equal to 67 times around 
the world. Mather Field, Mills, Cal., is second with 807,119 
man-miles including forestry patrol flights, and Vancouver 
Barracks, Wash., is at the foot of the list with only 225 
man-miles. The flights from McCook Field, Dayton, Ohio, 
the headquarters of the engineering division of the Air 
Service, totaled 290,940 man-miles, this field ranking sixth.— 
Air Service News Letter. 
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SUGGESTED PROBLEMS FOR RESEARCH 


HIS is the first of a series of articles in which the Re- 

search Department proposes to discuss some of the re- 
search possibilities of various problems that seem to be of 
interest or importance at this time. For instance, the prob- 
lem suggested below is of special academic interest and might 
be undertaken to advantage by one of the university labora- 
tories where instruction and experience are as important as 
research results. The present status of the problem will be 
outlined, the phases that will readily lend themselves to lab- 
oratory research will be stressed, and a short bibliography 
included of the more important papers on the subject. It is 
suggested that the Research Department be kept informed 
of research work undertaken on any phase of a problem, so 
that duplication of effort may be avoided. 


POSSIBLE EFFECTS OF WATER INJECTION 
POWER AND ECONOMY 


ON ENGINE 


Of the comparatively scant material that has been pub- 
lished on the subject of water injection, the references given 
in this article represent, it is believed, the most worthwhile 
studies of the problem that have appeared in recent litera- 
ture. They all deal, however, except for a brief mention 
by J. E. Schipper, with the effect of the introduction of 
water as such and not with the effect of humidity, i. e., water 
occurring as vapor in the intake air. 

The problem is a rather complex one, involving some im- 
portant thermodynamic considerations, and should be taken 
up from both the theoretical and experimental sides, prefer- 
ably by the same personnel. The reasons for undertaking this 
problem appear to be as follows: 


(1) It has some practical importance, particularly in 
connection with the use of kerosene in tractors 

(2) It constitutes an important but neglected phase of 
the problem of detonation 

(3) It is the one variable of possible importance that 
has been universally overlooked in nearly all pre- 
cision studies of engine performance 

(4) The problem is one that would afford the best of 
training and experience to graduate students, not 
to mention the instructor, if it were taken up in a 
school laboratory 


(5) It should require no appreciable outlay of money, 
as it should be handled in educational laboratories 
where nearly or quite all the necessary apparatus 
is at hand and where the staff is available 


The injection of cold water into the intake system or the 
engine cylinder may have the purposes of (a) producing 
steam by its evaporation, thus developing power; (b) cooling 
the cylinder and doing away with the need of jacketing and 
(c) reducing the compression temperature; the first two of 
which do not seem to be of much practical interest. 

In general the development of power by the evaporation of 
the injected water is based on an unsound theory. Heat 
taken from the products of combustion before or during ex- 
pansion, to vaporize water and superheat the steam, repre- 
sents a direct loss of efficiency. There is, however, a prac- 
tical compensation for this loss in that the reduction of tem- 
perature of the charge reduces the loss to the jackets. While 
the possible gain seems not to equal the loss, this question 
needs careful analysis. 

Under a special condition as carried out by Hopkinson, a 
gain of efficiency is possible when water is injected into the 
cylinder after firing, the condition being that the water 
receives most of its heat from the heated cylinder-walls and 
not from the gas charge. In this way some use is made of 
heat that otherwise would be wasted. The method seems to 
have little importance theoretically and none practically, 
unless it be for large stationary plants. It is not worth in- 
vestigating as an automotive problem. 

The injection of water as a spray into the intake charge 
was utilized by Banki to permit higher compression-ratios by 


lowering the compression temperature. Used in this way 

water has a two-fold effect: 

(1) Whatever heat is absorbed in vaporizing the water 
before the end of the compression stroke represents 
a gain in efficiency by reducing negative work and 
perhaps also by lowering the absolute temperature. 
There appears also to be a gain in efficiency through 
a reduction in the loss to the cylinder-walls because 
of lower combustion-temperature, but a loss due to 
the increased specific heat of the charge 


bo 


(2) If use is made of the lowered compression-temper- 
ature, the compression-ratio can be raised and in- 
creased economy secured in this way; in other 
words, water can be used as an anti-knock material 
and its properties as such should be carefully 
studied 


Another effect that seems to have been overlooked until 
recently is that of water vapor or humidity on the vaporiza- 
tfon of fuel in the manifold. With dry air, the complete 
vaporization of the fuel charge lowers the air temperature 
about 40 deg. fahr. If the moisture-content is such that the 
air becomes saturated with water before this lower temper- 
ature is reached, the heat liberated in the condensation of 
water will tend to prevent this drop in temperature and to 
increase the vaporization of the gasoline. This action can 
modify considerably the performance of an engine, particu- 
larly when using such volatile fuels as aviation gasoline. 

The foregoing is not an attempt to analyze completely 
the problem of the effect of water on engine performance, 
but only to point out certain phases of the problem that are 
in’need of solution, both to add to our knowledge of the funda- 
mentals of gasoline-engine performance and to afford data 
that may be of much practical value. 

REFERENCES 
Water Injection May Increase Power. J. E. Schipper. Auto- 

motive Industries, Nov. 15, 1917, page 868. 

Results are given of tests on a 4 x 5%%-in. truck engine 
running on kerosene where water in the form of a cold 
spray increased the indicated mean effective pressure from 
137 to 145 lb. per sq. in. The water removed preignition 
knock and, the author claims, “softened” the explosion by 
making the card “fatter” after the initial part of the 
stroke. The theories presented are that water quenches 
the incandescent points of carbon, and that it absorbs 
considerable heat due to its latent heat of evaporation. 

Why Water Injection 

P. M Heldt. 

1081. 

The author discusses the Banki engine, in which water 
was used to permit higher compression-ratios and higher 
economy. The use of kerosene, with its greater tendency to 
detonate and preignite, emphasizes the advantages to be 
gained by the use of water. The relative heat-losses from 
the cylinder gases at different parts of the stroke are dis- 
cussed at some length and it is shown that, if the presence 
of water reduces the maximum explosion-temperature and 
increases the temperature later in the stroke, even though 
there is a considerable net loss of heat to the water, the re- 
duction in loss to the cylinder-walls may result in a net 
gain in efficiency. As regards decarbonizing effect, the 
author questions whether this is not entirely an illusion. 
The reduction of knock may eliminate the main effects of 
carbon deposits without affecting the amount of deposit. 


Influence of Water Injection on Engine Performance. V. W. 
Brinkerhoff. National Advisory Committee for Aeronau- 
tics, Report No. 45, page 521. 

The author reports a series of practical overall tests with 
two different engines to determine the direct effect on power 
and economy of cold water admitted into the intake-mani- 
fold in the form of a spray. The conclusion is drawn that 


May Cause an Increase of Power. 
Automotive Industries, Dec. 20, 1917, page 
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no measurable increase in power or economy is produced 
with any percentage of water and that beyond a certain 
amount the effect is detrimental. 

Water Injection in Gas and Oil Engines. Automobile Engi- 
neer (London), December, 1920, page 492. 
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This article is a general discussion of the various ef- 
fects of water injection, to answer the question whether the 
reasons for its abandonment in recent practice are suffi- 
cient. The main points covered are much the same as 
those discussed at the beginning of this article. 


MARCH COUNCIL MEETING 


HE meeting of the Council held on March 7 at the Engi- 

neers’ Club, Dayton, Ohio, was attended by President 
Bachman, Past-President Beecroft, First Vice-President Whit- 
beck, Second Vice-Presidents Clark, Watts and. Young, and 
Councilors Brush, Crane, Smith and Strickland. 

One hundred one applications for individual membership 
and 32 for student enrollment were approved. The following 
transfers in grade of membership were made: From Mem- 
ber to Service Member, F. E. Richardson and J. V. Costello; 
Member to Foreign Member, E. Gassmann; Associate to 
Member, C. C. Bowman; Junior to Associate, F. Klein; Junior 
to Service Member, C. F. Taylor. 

The financial statement showed as of Feb. 28 a net balance 
of assets over liabilities of the Society of $128,485.31, this 
being $5,307.50 less than the corresponding figure on the 
same day of 1921. The income of the Society for the first 
5 months of the current fiscal year amounted to $64,562.68. 
The operating expense during the same period was $74,646.36. 
The expense accounts showed a net saving of $6,398.22 in 
comparison with the same period of the last fiscal year, taking 
into consideration the expense to date of the newly estab- 
lished Research Department. 

The Council revised the list of prices for publications of 
the Society. The new schedule is printed elsewhere in this 
issue of THE JOURNAL. 

Considerable discussion was had of subjects of papers for 
presentation at the coming Summer Meeting of the Society. 

The following additional subject was assigned to the 
Standards Committee: 


Wire Wheel Spokes—Axle and Wheels Division, with 
Iron and Steel Division cooperating. 


The following appointments to the Standards Committee 


were made, these being in addition to those listed in the 
February issue of THE JOURNAL: 


AERONAUTIC DIVISION 


Edward Wallace Glenn L. Martin Co. 


AGRICULTURAL POWER EQUIPMENT DIVISION 


D. P. Davies J. I. Case Threshing 
Machine Co. 

Hart-Parr Co. 

Hyatt Roller Bearing Co. 


C. E. Frudden 
O. W. Young 


ROLLER BEARING SUBDIVISION 


H. I. Beard Ball & Roller Bearing Co. 
CHAIN DIVISION 
F. C. Thompson Morse Chain Co. 


EFFECT OF PHOSPHORUS 


HE Joint Committee on the Investigation of the Effect 
of Phosphorus and Sulphur in Steel, which is composed 
of representatives of a number of the leading technical so- 
cieties including the American Society for Testing Materials, 
the American Society of Mechanical Engineers and the So- 
ciety of Automotive Engineers, has issued a progress report. 


ELECTRIC VEHICLE DIVISION 
Charles R. Skinner, Jr. New York Edison Co. 
ENGINE DIVISION 


William Turnbull Holt Mfg. Co. 


E. J. Hall Hall-Scott Motor Co. 
FRAMES DIVISION 

D. G. Roos Locomobile Co. of America 

C. W. Wright A. O. Smith Corporation 


IRON AND STEEL DIVISION 
W. H. Phillips R. D. Nuttall Co. 
S. P. Rockwell Consulting Metallurgist 
ISOLATED ELECTRIC LIGHTING PLANT DIVISION 


Don D. Myers 


Auto-Lite Corporation 
H. L. Zabriskie 


Diehl Mfg. Co. 
LUBRICANTS DIVISION 

Fifth Avenue Coach Co. 
NOMENCLATURE DIVISION 


G. A. Green 


J. B. Bartholomew Avery Co. 
Jos. VanBlerck Jos. VanBlerck, Inc. 
PASSENGER CAR DIVISION 


Howard Marmon Nordyke & Marmon Co. 


RADIATOR DIVISION 


Long Mfg. Co. 
Perfex Radiator Co. 


TRANSMISSION DIVISION 
Long Mfg. Co. 


The action taken by the Council in connection with future 
distribution of the TRANSACTIONS, as well as the Membership 
Roster of the Society, is set forth on page 261 of this issue 
of THE JOURNAL. 

Announcement was made of the appointment by President 
Bachman of the following to serve as members of the High- 


ways Committee of the Society, under the chairmanship of H. 
W. Alden: 


W. A. Brush W. E. Lay 
G. A. Green F. A. Whitten 


H. H. Brautigam was elected second vice-president for 
marine engineering, H. E. Morton, who was regularly nomi- 
nated and elected by the voting members of the Society to 
serve in this capacity, having resigned. 

It was decided tentatively that the next meeting of the 
Council should be held in Indianapolis on May 8. 


A. L. Swank 
Fred M. Young 


E. E. Wemp 


AND SULPHUR IN STEEL 


Copies of this report, which covers the activities of the 
Committee for the past 2 years, can be obtained from C. L. 
Warwick, its chairman, 1315 Spruce Street, Philadelphia, or 
from the Bureau of Standards, City of Washington. It is 
expected that all of this material will be published ulti- 
mately by the Bureau of Standards. 
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Tentative Schedule of Division Meetings 


EL ee 


Tentative Meeting Schedule 


MOMUETOAAEL AAD ANAATONONANAOANA AAD HADEN GAMA EADS ADEA DENSA AYDEN ATNA AEN PUA 


Ch 


z Division Chicago Cleveland Detroit New York City Philadelphia = 
= Aeronautic May 10 = 
2 April 18¢ = 
3 Agricultural Power Equipment {4 April 19 
& | May 13 
2 Axle and Wheels May 2° April 7° 
= 3all and Roller Bearings May 1 
= Electrical Equipment April 14 
5 Electric Vehicle May 10 April 5 
E | April 17 
= Engine April 18* 
3 May 11 
= Iron and Steel April 11 
= Isolated Electric Lighting Plant April 18 
= Lighting May 3 

Lubricants (Joint meeting with 

Agricultural Power Equip- 

ment, Engine, Isolated Elec- April 18 
= tric Lighting Plant, Motor- 
= cycle and Stationary Engine) - 

Motorboat April 10 
= Motorcycle April 18 
z Nomenclature April 3 
: Non-Ferrous Metals May 1 
= Parts and Fittings April 12 
= Passenger Car May 2” 
= Passenger-Car Body . i May 8 
2 Screw Threads May 1 
z Springs . May 5 
z { April 18: 
a Stationary Engine / April 19 
e | May 12 
zs Storage Battery May 5 
= Transmission April 13 
2 Truck May 9 
a “Joint meeting with Lubricants Division 
= *>Joint meeting 
2 ¢ Passenger-Car Hubs Subdivision only 


MeO) wit 


HE planning of the meetings of the several Divisions of 

the Standards Committee for the period between the 
beginning of this administrative year and the Summer 
Meeting of the Society in June has been completed so far as 
possible at this time. Two series of Division meetings have 
been arranged as shown in the accompanying tentative 
schedules, which will be followed as nearly as may be. It is 
probable that some changes will be made in them due to con- 
ditions that are sure to arise but cannot be foreseen at this 
time. It is important that the members of all Divisions of 
the Standards Committee, particularly of those scheduled for 
meetings, bear in mind in forming their plans that notice of 
the matters to be taken up, as well as of the definite time 
and place of their Division meetings, will be sent to them 
from the Standards Department 10 days or 2 weeks before 
the meetings. 

The schedules were determined by several factors, includ- 
ing the number of subjects under consideration by each Divi- 
sion, their present status and the probable length of time that 
will be required to reach the point where consideration of 
them in Division meeting will be necessary. Meetings are 
planned for only those Divisions from which definite reports 
at the Standards Committee and Society meetings in June 
can be expected on the basis of the prospective progress in 


MUMIA EAET LETTE, 


the work up to the time of the respective Division meetings. 
The actual progress in this connection will depend mostly 
upon early action by Subdivisions that are working on the 
various subjects and upon the promptness with which replies 
are received to questionnaires and circular letters that have 
been sent out to the industries by the Standards Department 
of the Society. In many instances final Division action can 
be secured by correspondence between the Standards Depart- 
ment and the Division members. This enables the Divisions 
to devote practically their entire time in meetings to con- 
sideration of the more important or difficult subjects. 

The Standards Committee membership this year is ap- 
proximately 20 per cent greater in number than any pre- 
vious year, due largely to the rapidly increasing interest 
in engineering standardization and fuller appreciation of 
its value. Although the automotive industries have been 
passing through a period of depression, their recovery has 
commenced and there are indications that this recovery will 
be economically sound and possibly more rapid than in many 
other general] industries. This naturally has led the Society 
to secure a broader representation on its Standards Com- 
mittee for this year and to seek closer cooperation with 
other organizations of national scope by direct representa- 
tion on a number of the Divisions. 
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TENTATIVE SCHEDULE OF DIVISION MEETINGS 


An analysis was made of the geographical distribution 
of the Standards Committee members as one of the deter- 
mining factors in deciding upon the places of meetings, to 
balance as nearly as possible the necessary amount of trav- 
eling required of each member. The more than 300 Com- 
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mittee members reside in 78 different cities, practically all 
of them in the Northern Central and Atlantic States. The 
most central locations for Division meetings are New York 
City, Philadelphia, Cleveland, Detroit and Chicago. The 
schedules therefore provide for sessions at these points at 





DISTRIBUTION OF THE MEMBERS OF THR VARIOUS STANDARDS COMMITTEE DIVISIONS 


Number of 
Members 
Bridgeport 3 
Bristol 
Danbury 
Groton 
Hartford 
Middletown 
New Britain 
New Haven 
Waterbury 
District of Columbia Washington 
Illinois 


State City 


Connecticut 


Chicago 
Moline 
Peoria 
Rockford 
Rock Island 
Anderson 
Evansville 
Indianapolis 
Lafayette 
LaPorte 
Muncie 
Wabash 
lowa Charles City 
Waterloo 
Chicopee Falls 
Springfield 
Watertown 
Worcester 
Michigan Alma 


_ P o,5 > 
nape ee bed Dee eR wre bo 


Indiana 


Ne ee ee 


Massachusetts 


Buchanan 

Detroit 4 
Flint 

Grand Rapids 

Kalamazoo 

Lansing 

Marysville 

Pontiac 

Saginaw 


Minnesota Minneapolis 


Nee H yO NNN WH KH pwr 


Number of 

Members 

St. Louis 1 

Lincoln 2 

Buffalo 6 

Depew 

Ithaca 

Jamestown 

Lockport 

New York City (Metropol- 
itan District) 

Portchester 

Rochester 

Schenectady 

Syracuse 

Canton 

Carthage 

Cincinnati 

Cleveland 

Clyde 

Dayton 

Lima 

Port Clinton 

Salem 

Springfield 

Toledo 

Warren 

Youngstown 

Bethlehem 

Coraopolis 

Lancaster 

Philadelphia 1 

Pittsburgh 

Pottstown 

Reading 

Wilkes-Barre 

Providence 

Hampton 

Milwaukee 

New Holstein 

Racine 

Waukesha 


State City 
Missouri 
Nebraska 
New York 


Nw 


| 


Fr-IN NN SD 


Ohio 


ev) 


Dn eee OR OWH 


Pennsylvania 


Rhode Island 
Virginia 
Wisconsin 


Pe TE NNN K eee Re ee 


| 
i | 
| 
| 








Vol. X 


April, 1922 


No. 4 
SSS 


294 


the best times that could be selected for continuity in the 
series of meetings. 


AERONAUTIC DIVISION 


Although there is a long list of subjects before this Divi- 
sion, most of the work contemplated applies to powerplants. 
It is expected that the Powerplant Subdivision will have sev- 
eral reports ready for Division action at its meeting in 
New York City on May 10. 


AGRICULTURAL POWER EQUIPMENT DIVISION 


Probably the most important work of this Division will 
be in cooperation with the Lubricants Division at the meet- 
ing in Chicago on April 18 to consider standard specifica- 
tions for lubricating oils that have been generally circular- 
ized. It is hoped that the Subdivisions which are working 
on Tractor Belts and Pulleys, Tractor Testing Forms and 
Tractor Plowing Speeds will report to the Division at its 
meeting in Chicago on April 19, and that action can be 
taken with regard to Tractor and Implement Drawbar Con- 
nections. The meeting in Chicago on May 13 is planned 
to complete the Division’s work prior to the Summer Meet- 
ing of the Society in June. 


AXLE AND WHEELS DIVISION 


A Subdivision has been working on the subject of Brake- 
Drums on which a report is anticipated at the Division 
meeting in Cleveland on May 2. The principal work before 
this Division is the preparation of a recommendation on 
Front-Axle Hubs for passenger cars. A Subdivision is now 
making a study in this connection. As the Passenger Car 
Division also is directly interested in the subject, a joint 
meeting of the Divisions has been scheduled. It is possible 
that the Subdivision on Differential Gears will report at this 
meeting. 

BALL AND ROLLER BEARINGS DIVISION 


There are a number of subjects before this Division upon 
which reports are expected for consideration at the meeting 
planned to be held in New York City on May 1. A new 
Subdivision was appointed last January to continue the 
work of making several revisions of the present standard 
for Metric Roller Bearings to make it more complete and 
uptodate with regard to sizes, tolerances, cage clearances, 
corner radii and other details. 

In connection with the ball-bearing standards, the sub- 
jects to be acted upon include possible changes in the widths 
of the wide-type bearings, extending the number of sizes 
and making other changes in the several series of the an- 
nular type, largely in an endeavor to come to agreement 
with foreign manufacturers and thus establish more nearly 
similar standards internationally. Also, the advisability of 
establishing an American standard Extra Light Series will 
be considered. 

A Subdivision is preparing a report on Metric Thrust Ball- 
Bearings and it is hoped that its deliberations will be com- 
pleted in time for final study at the Division meeting. 


ELECTRICAL EQUIPMENT DIVISION 


Subdivision reports on Breaker Contacts and Small Mag- 
neto Mountings have been submitted generally in a canvass 
upon the results of which the Division will act. Among the 
subjects with relation to which definite recommendations 
are expected are Generator Strap-Mountings, Generator 
Through-Drive Shafts and, possibly, Magnet Wire Specifica- 
tions. Revisions that will improve the present standards 
for Generator Flange-Mountings, “Starting-Motor Flange- 
Mountings and Ignition Distributor Mountings are expected. 
The Division should also consider revision of the present 
standards for cable and wire terminals. It is planned to 
hold a meeting of the Division in Detroit on April 14. 


ELECTRIC VEHICLE DIVISION 


Although no electric-vehicle standards have been adopted 
by the Society for some time, it is the intention to under- 
take the standardization of storage-battery cradle and tray 
dimensions and to standardize on one size of battery charg- 
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ing-plug. A meeting will be held in New York City on 
April 5 to start this work and it is hoped that some con- 
crete recommendations will be ready for final discussion 
at the meeting planned to be held in Detroit on May 10. 


ENGINE DIVISION 


At the April 17 meeting in Chicago it is planned to have 
at hand the Subdivision report on Carbureter Flanges for 
motorcycles and to prepare a revised recommendation for 
Engine Testing Forms along lines suggested at the January 
meeting of the Society in New York City. Two new subjects, 
Engine Support Arms for subframe construction and Crank- 
case Drain-Plugs, await Division action. It is expected that 
final recommendations on some of these subjects can be 
made at the May 11 meeting in Chicago. 

On April 18, the Engine Division will meet jointly with 
the Lubricants Division and the other automotive Divisions 
listed in the schedule, to act upon the Lubricating Oil Speci- 
fications prepared by the Lubricants Division. 


IRON AND STEEL DIVISION 


The April 11 meeting in Detroit will be devoted largely 
to conferring with representatives of the tractor and agri- 
cultural implement manufacturers on the matter of elim- 
inating from the Standard specifications some of the pres- 
ent S.A.E. Carbon-Steels and possibly adding a group of 
bessemer steels. It is hoped, however, that Subdivision re- 
ports on Chromium and Chrome-Vanadium Steels and on 
Sheet Steels can be acted upon at that time. One of the 
important subjects in hand is Rolling Tolerances for Leaf- 
Spring Stock. A report on this was circulated recently in 
the industries for the purpose of securing comment. 


ISOLATED ELECTRIC LIGHTING PLANT DIVISION 


Probably the only work this Division will do is to co- 
operate with the Lubricants Division at the joint meeting in 
Chicago on April 18 on the subject of Lubricating Oil Speci- 
fications. 

LIGHTING DIVISION 


The most important subject before this Division is Head- 
lamp Illumination Specifications. The motor vehicle light- 
ing committee of the Illuminating Engineering Society, with 
which the Lighting Division has cooperated, has submitted 
a revision of the present standard for the laboratory test- 
ing of automobile headlamps for proper illumination inten- 
sities and distribution of light beam. Among the subjects 
suggested for revision are Bases, Sockets and 
Incandescent Lamps and Headlamp Mountings. It has been 
suggested also that Headlamp Reflectors and Focusing 
Mechanisms should be considered by the Division at its meet- 
ing in Cleveland on May 3. 


Connectors, 


LUBRICANTS DIVISION 


Tentative recommendations for Crankcase Oils for passen- 
ger cars, motor trucks, motorboats and tractors, Motorcycle 
Oils and Transmission Lubricant Specifications that were 
circularized last fall probably will be reported upon defin- 
itely at the meeting in Chicago on April 18. This meeting 
will be held in conference with the Agricultural Power 
Equipment, the Engine, the Isolated Electric Lighting Plant, 
the Motorcycle and the Stationary Engine Divisions to recon- 
cile the specifications to the needs of the different automo- 
tive groups. 

MOTORBOAT DIVISION 


Among the subjects assigned to this Division are Engine 
Support Arms, Exhaust-Manifold Connections, Tachometer 
Drives and Motorboat Controls (reverse gear). Motorboat 
electrical equipment and the tentative lubricants specifica- 
tions also will be considered by it. 


NOMENCLATURE DIVISION 


This Division, which has been inactive for over 2 years, 


has been scheduled to meet in New York City on April 3, 
principally to determine upon the form in which the nomen- 
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TENTATIVE SCHEDULE OF DIVISION MEETINGS 


clature for the parts and materials entering into the con- 
struction of various types of automotive apparatus should 
be published. The present S.A.E. Nomenclature for Passen- 
ger Cars, printed on pages K1 to K21 of the S.A.E. HaAnp- 
BOOK, should be reviewed from the standpoints of revision, 
extension and correlation with nomenclatures proposed to be 
standardized for other automotive groups. 


NON-FERROUS METALS DIVISION 


A Subdivision report is expected on Aluminum Alloys, in- 
cluding one having a copper-content of from approximately 
8.5 to 11.0 per cent, and specifications for aluminum sheet, 
rod and tubing. The Division will probably make definite 
recommendations on these subjects at its meeting in Cleve- 
land on May 1. 


PARTS AND FITTINGS DIVISION 


The important subjects awaiting disposition by the Divi- 
sion are Ball Studs, Flexible Discs for Couplings, Gasoline- 
Tank Filler-Pipes and Caps, Spring Shackle-Bolts, Passen- 
ger-Car Bumper-Mountings, Cotter-Pins and Plain Washers. 
Subdivisions have been working on several of these subjects 
and current progress indicates that definite reports can be 
made at the Division meeting in Detroit on April 12. 


PASSENGER CAR DIVISION 


The most important subject on which it is probable this 
Division can act is Passenger-Car Front-Axle Hubs. Tenta- 
tive arrangements have been made to have this Division meet 
jointly with the Axle and Wheels Division in Cleveland on 
May 2. 


PASSENGER-CAR Bopy DIVISION 


Subdivision reports are expected on recommendations for 
Door-Handles, Door Hinges, Plate Glass, Windshield Side- 
Arms and Wood-Screw Drill-Sizes. Considerable progress 
has been made on several of these subjects and it is hoped 
that final action can be taken on them at the meeting in 
Detroit on May 8. 


SCREW THREADS DIVISION 


Although a large amount of the work assigned to this 
Division is related closely to that of the National Screw 
Thread Commission and the American Engineering Stand- 
ards Committee’s Sectional Committees on Screw Thread 
Standardization and on Bolt, Nut and Rivet Proportions, 
for which the Society is one of the sponsors, it is felt that 
progress can be made by holding the meeting set for Cleve- 
land on May 1. A number of other subjects are listed for 
consideration by this Division, including Bolt and Rivet 
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Heads, Studs, Spark-Plug Threads, Tire Valves and Machine- 
Screw Nuts. 
SPRINGS DIVISION 


At the meeting in Detroit on March 14 the present S.A.E. 
spring standards and recommended practices, printed in the 
S.A.E. HANDBOOK, commencing on page H1, were reviewed 
and some modifications proposed. The subjects were divided 
among three Subdivisions for review and report, and it is 
planned to take further action at the Division meeting to be 
held in Detroit on May 5. Perhaps the most important mat- 
ter to be reported to the Standards Committee is Rolling 
Tolerances for Concave Leaf-Springs. This subject is under 
consideration also in the Iron and Steel Division, and a com- 
munication with regard to it has been sent throughout the 
industries by the Society. 


STATIONARY ENGINE DIVISION 


A number of subjects, including Crankshafts, Stationary- 
Engine Belt-Speeds, Flywheel Pulley Lugs and Poppet 
Valves, have been before this Division. It is hoped that suf- 
ficient progress will be made to permit the submission of 
final recommendations on a number of these subjects at the 
Division meeting in Chicago on May 12. The Division is 
scheduled also to meet with the Lubricants Division in Chi- 


cago on April 18, to pass upon recommendations for Lubri- 
cating Oil Specifications. 


STORAGE BATTERY DIVISION 


It is likely that this Division will take up several matters 
connected with electric cars and trucks, among these being 
Storage-Battery Jar Dimensions and Molded Hard-Rubber 
Containers. 


TRANSMISSION DIVISION 


Standardization features relating to Oiling Mechanism for 
Clutch Bearings, Clutch Facings and Transmission Tire-Pump 
Mountings are having study in Subdivisions. The Divi- 
sion has before it the subject of Transmission Drives for 
Speedometers, this being in abeyance pending the disposi- 
tion of certain patent matters. It is planned to take final 
action on as many as possible of the subjects before the 
Division at its meeting in Detroit on April 13. 


TRUCK DIVISION 


The subjects of Body Hold-Down Clamps, Dumping-Hoist 
Platforms and mounting dimensions for Motor-Truck Cabs 
are assigned to this Division. It is trusted that sufficient 
data in these connections will be available to enable the Divi- 
sion to make definite recommendations at its meeting sched- 
uled for Detroit on May 9. 


NUMBER AND VALUE OF FARM ANIMALS 


é = accompanying tables that have been compiled recently 

by the Department of Agriculture give the numbers and 
values of the different kinds of farm animals in the United 
States on the first day of January of the years 1920, 1921 
and 1922. 

During the 2 years from Jan. 1, 1920, to Jan. 1, 1922, the 
horses on American farms decreased in number by 667,000 
and in value by $561,492,000; the mules increased in num- 
ber by 9000 but decreased in value by $325,689,000; the 
milech cows increased in number by 306,000 but decreased 
in value by $811,983,000; other cattle decreased in number 
by 2,074,000 and in value by $892,377,000; sheep decreased 
in number by 2,977,000 and in value by $235,427,000; and 
swine decreased in number by 2,348,000 and in value by 
$558,269,000. 

These above figures relate only to animals on farms. The 
numbers and values of the different kinds of animals not on 
farms, in cities and villages, have not been estimated by the 
Department of Agriculture. According to the last census, 
however, the number of such animals were as follows: 
Horses, 1,705,611; mules, 378,250; cattle, including milch 








Number 

Jan. 1, 1920 Jan. 1, 1921 Jan. 1, 1922 

Horses 19,766,000 19,208,000 19,099,000 
Mules 5,427,000 5,455,000 5,436,000 
Cows 23,722,000 23,594,000 24,028,000 
Cattle 43,398,000 41,993,000 41,324,000 
Sheep 39,025,000 37,452,000 36,048,000 
Hogs 59,344,000 56,097,000 56,996,000 
Total 190,682,000 183,799,000 182,931,000 

Value 
Jan. 1, 1920 Jan. 1, 1921 Jan. 1, 1922 

Horses $1,907,646,000 $1,619,423,000 $1,346,154,000 
Mules 805,495,000 636,568,000 479,806,000 
Cows 2,036,750,000 1,515,249,000  -1,224,767,000 
Cattle 1,875,043,000 1,316,727 ,000 982,666,000 
Sheep 408,586,000 235,855,000 173,159,000 
Hogs 1,131,674,000 727,380,000 573,405,000 
Total $8,165,194,000 $6,051,202,000 $4,779,957,000 





Economic 





cows, 2,111,928; sheep, 450,742; swine, 2,638,389. 
World. 
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ACTIVITIES OF THE SECTIONS 
Secretaries of the Sections 

BuFFALo SECTION—E. T. Mathewson, Acting Secretary, 321 Fidelity Building, Buffalo : 

CLEVELAND SECTION—E. W. Weaver, 5103 Euclid Avenue, Cleveland i 

DAYTON SECTION—R. B. May, Dayton Engineering Laboratories Co., Dayton, Ohio i 

DeTRoIT SECTION—B. Brede, assistant secretary, 1361 Book Building, Detroit i 

INDIANA SECTION—B. F. Kelly, Weidely Motors Co., Indianapolis i 

METROPOLITAN SECTION—F. E. McKone, 347 Madison Avenue, New York City i 

Mip-WEstT SECTION—T. Milton, 140 South Dearborn Street, Chicago 

MINNEAPOLIS SECTION—C. T. Stevens, Reinhard Brothers Co., Minneapolis i 

NEW ENGLAND SECTION—H. E. Morton, B. F. Sturtevant Co., Hyde Park, Boston i 

PENNSYLVANIA SECTION—T. F. Cullen, Chilton Co., Market and 49th Streets, i 

Philadelphia ' 

WASHINGTON SECTION—B. R. Newcomb, 211 Victor Building, City of Washington : 
RESIDENT BACHMAN has suggested that the Sec- to tractors and 
tions could perform a valuable service by scheduling for their value to 
consideration from time to time at their meetings the stand- the tractor in- 

ardization work under way in the Society. While it is dustry. 

felt that the members comprising the various Divisions of Detroit Crankcase Oil-Dilution Discussion of ten- 
the Standards Committee are undoubtedly representative April 21 Problems and _ Their tative oil speci- 
of the most authoritative er.gineering knowledge and opin- Solution—W. F. Parish fications of the 


ion in their respective ‘elds, it is nevertheless apparent 
that no opportunity shou'd be lost to bring to the attention 
of all members of the Society certain proposed standards in 
order that the Stancards Committee may have before it 
the thoughts and conclusions of as wide a circle as possible, 
before final action is taken. 

Perhaps an even greater service can be rendered by the 
Sections in conducting discussion of the standards that have 
been established, with a view to increasing their use where 
they are applicable, or modifying them if necessary to in- 
crease their general usefulness. 

With these ideas in mind, a number of the Sections have 
been asked to give attention at their current meetings to 
certain proposed new standards or modifications of old 
ones. The subjects have been chosen with reference to their 
appropriateness in connection with papers to be presented 
at the respective Section meetings, so that among those at- 
tending there may be a number well qualified to present 
views on the particular Standards matter under considera- 
tion. 

Standards matters for discussion in connection with papers 
presented or to be presented include: 


Section Subject of Paper Standard 
Buffalo Electric Wiring Sys- Electrical Fit- 
March 21 tems—W. S. Haggott tings, such as 

cable connect- 


ors, clamps and 
junction boxes 


Pennsylvania Batteries and Electri- General discus- 
March 23 cal Equipment sion of present 
battery  stand- 
ards and _ sug- 


gestion of modi- 
fications to pro- 
mote their 
greater use 


Metropolitan. Truck kKear-Axles— Discussion of the 


March 23 E. Favary possibility of 
standardization 
with respect to 
rear-axles 

Minneapolis Tractor Publicity and Application of S. 

April 5 Demonstrations A. E. Standards 


Lubricants 
vision 


Di- 
RECENT MEETINGS 
At the meeting of the Minneapolis Section at the Manu- 
facturers’ Club on March 1 A. W. Scarratt spoke on Devel- 
opment in Automotive Transportation and Equipment; 
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Schedule of Sections Meetings 
APRIL 
5—MINNEAPOLIS SECTION - 
and Demonstrations 
7—WASHINGTON SECTION — Automobile Head- 
light Problem—Dr. E. C. Crittendon 
14—-Mip-WestT SECTION — Various 
Fuels and Their Characteristics 
21—METROPOLITAN SECTION NEW ENGLAND 
SECTION — Joint meeting at New Haven, 
Conn. Inspection of laboratory equip- 
ment; and description of methods used in 
determining losses from the engine to the 
road, by Prof. E. H. Lockwood 
? 21—DeErTROIT SECTION — Crankcase Oil Dilution 
: Problems and Its Solution—William F. 
Parish 
21—CLEVELAND SECTION — 
ing—H. H. Magdsick 
27—-PENNSYLVANIA SECTION—Motor Trucks and 
Transportation—C. T. Myers 
MAY 


12—Mip-WeEst SECTION—Fundamental Losses in 
Automotive Apparatus—Their Magnitude 
and Reduction Possibilities 


# 19—DeEtTROIT SECTION—Cylinder-Wall Surfacing 
| Methods 
| 


Tractor Publicity 


Commercial 
Relative 


WT 
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Motor-Vehicle Light- 
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25—-PENNSYLVANIA SECTION — Either Outing at 
Torresdale or Body Meeting 
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E. R. Greer treated the phase of automotive transportation 
relating to trailers; and Dr. C. A. Prosser gave an address 
on the Profession of the Engineer. 

At the Cosmos Club on March 3 A. W. Herrington, auto- 
motive engineer, Quartermaster Corps, U. S. A., gave an 
account of his experiences with Small High-Efficiency Air- 
Cooled Engines. His talk was illustrated. 

In the opinion of a number of those who were present, 
the paper on Air-Cooled Cylinder Design presented by S. D. 
Heron at the Dayton Section meeting on March 7 was very 
clear and comprehensive. Several officers of the Society, 
who had attended a Council meeting in Dayton during the 
day, were present. At the dinner preceding the meeting at 
the Engineers’ Club, President Bachman and Past-President 
Beecroft addressed the members and their guests, Capt. 
G. E. A. Hallett, chairman of the Section, presiding. About 
400 attended the meeting. 

A paper of rather unusual interest was that given by 
A. C. Vauclain before the Buffalo Section, Feb. 21, on Re- 
silient Wheels. At the meeting of this Section on March 
21 W. S. Haggott presented a paper on Electric Wiring 
Systems for Automobiles, which, together with the discus- 
sion growing out of it, will probably form a basis for ac- 
tion by the Electrical Equipment Division of the Standards 
Committee. 

F. H. Tower spoke before the Cleveland Section on Feb. 
17, on Commercial and Laboratory Methods of Testing 
Ignition. Plans are now under way for the Cleveland Sec- 
tion’s share in the festivities that. will take place during 
the Summer Meeting of the Society at White Sulphur 
Springs. According to a wireless telephone conversation 
recently held with L. L. Williams, the efficient press agent 
of the Section, the Cleveland stunt this year will be the 
“greatest show on earth; bigger and better than ever.” 
Those who saw last year’s performance will be inclined to 
agree that they will stage some very much worthwhile fool- 
ishness. At the March 17 meeting of the Section William T. 
Walker gave a paper on Truck Axles. 


THE SECTIONS 


Scarcely a month passes in which at least one of the 
Sections does not contribute something toward the general 
understanding of the business situation. C. C. Parlin 
spoke before the New England Section at the Boston Engi- 
neers’ Club on March 17, having as a subject, Business As- 
pects of the Automotive Industry. 

Ethelbert Favary, at the Metropolitan Section meeting of 
March 23, presented a review of the various designs of truck 
rear-axle. Cornelius T. Myers brought up the matter of the 
desirability of standardization in this quarter. On the same 
evening the Pennsylvania Section discussed Batteries and 
Electrical Equipment at the Philadelphia Engineers’ Club. 
The speakers were T. W. Hearne, who gave a paper on Stor- 
age Batteries from the Service Standpoint; A. K. Brum- 
baugh, who related some phases of the truck lighting prob- 
lem; and L. P. Neal, who discussed electrical units from the 
service viewpoint. There was also a general discussion of 
the present S.A.E. storage battery standards with a view to 
bringing out any constructive criticism. 

In the light of the necessity for lowering in every way all 
costs entering into car construction that do not add to the 
quality of the output, production matters are assuming in- 
creased importance. The Detroit Section has realized this 
and expects to hold a number of meetings on various pro- 
duction problems during the coming months. The first of 
the series was held on March 24. 

The Detroit Section meeting of Feb. 24 was on the sub- 
ject of Light-Weight Pistons and Piston-Ring Design. Sev- 
eral short papers were presented, these being by John Ma- 
gee, Charles R. Manes, James E. Diamond, Ferdinand Jehle 
and Frank Jardine. 

A large number of railroad and street-car operating of- 
ficials were invited by the Indiana Section on March 29 to 
inspect a gasoline engined railroad-car that was driven 
from Wabash to Indianapolis. The demonstration was fol- 
lowed by a dinner at the Indianapolis Chamber of Com- 
merce, after which Charles O. Guernsey gave a highly inter- 
esting paper on railroad motor cars. 





OBITUARY 


WALTER A. SCHUEHLE, road-inspection engineer for the 
Lexington Motor Co., died, Jan. 3, 1922, aged 36 years. He 
was born, Jan. 13, 1885, at Chicago. Following his prelim- 
inary training, he became chief inspector for the Overland 
Motor Car Co. in 1907 and continued inspection work with 
this company until 1910, with the Federal Motor Works 
from 1910 to 1914, and with the Lyons Atlas Co. from 1914 
to 1915. He was then with the National Motor Vehicle Co. 
until 1916, when he became traveling engineer for the Cole 
Motor Car Co. 

His war service was inclusive of work for the Signal 
Corps as aeronautical mechanical engineer and for the Bu- 


reau of Aircraft Production as assistant consulting engineer 
of armament. In the latter work he was associated closely 
with A. L. Nelson and, when Mr. Nelson left the service, 
Jan. 15, 1919, Mr. Schuehle succeeded to his position. 

Mr. Schuehle did much of the testing in connection with 
the development of the Nelson gun control and was respon- 
sible also for many of the design changes in the Marlin, 
Vickers and Browning aircraft guns. After leaving the 
service of the Government, he became an inspection engineer 
for the General Motors Co., at Walkerville, Ont., Canada, 
his last position being with the Lexington Motor Co. He was 
elected to Member grade in the Society, Oct. 30, 1918. 
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Current Standardization Work 


MEETING of the Iron and Steel Division was held in 
New York City on Feb. 21, at which several subjects 
mentioned hereinafter were discussed, but no final action 
taken thereon. The Springs Division held on March 14 in 
Detroit a meeting at which a program for the year was laid 


out, Subdivisions being appointed in order to facilitate the 
work. 


STANDARDS LETTER BALLOT 


The results of the letter ballot on the adoption of the 
standards acted upon at the January Standards Committee 
Meeting are given on page 260 of this issue. 


BALL BEARINGS 


The following requests have been submitted by the Sec- 
tional Committee on Ball Bearings of the American Engi- 
neering Standards Committee, hereinafter called the Sec- 
tional Committee, to the sponsor bodies, the Society of Auto- 
motive Engineers and the American Society of Mechanical 
Engineers. These requests will be considered at the next 
meeting of the Ball and Roller Bearings Division. 

Extra-Light Series—The Sectional Committee has _ re- 
quested that the Society investigate the German extra-light 
series of annular ball bearings and give careful consideration 
to the advisability of establishing a corresponding S. A. E. 
Standard. 

Light Series, Extra Large.—The Sectional Committee has 
requested that the Society make a careful study of the pro- 
posed German standard and if possible change the outside 
diameters for the present S. A. E. Standard extra-large 
light-series bearings to agree with the outside diameters 
adopted by the German Standards Committee; and that the 
widths adopted by the German Committee should be thor- 
oughly considered. The Sectional Committee believes, how- 
ever, that the narrow widths will not permit satisfactory 
design of radial bearings carrying an appreciable thrust- 
load and that they are not suitable for the design of double- 
row ball bearings with spherical outer races. 

Medium Series, Extra Large—The Sectional Committee 
has requested that the Society make a careful study of the 
proposed German standard and if possible change the out- 
side diameters of the present S. A. E. Standard extra-large 
medium-series bearings to agree with the outside diameters 
adopted by the German Standards Committee. 

Heavy Series—The Sectional Committee has requested 
that the Society make a careful study of the proposed Ger- 
man Standard and change the outside diameters for S. A. E. 
bearings above 85-mm. bores of the heavy series to agree 
with the outside diameters adopted by the German Standards 
Committee. 

Wide Type.—The Sectional Committee has requested that 
the Society consider (a) changing the outside diameters of 
the light, medium and heavy series double-row bearings to 
conform with such outside diameters as are finally adopted 
for the single-row bearings; (b) changing the S. A. E. 
Standard to bring the widths of the S. A. E. and German 
standards together, or to change the inch widths to milli- 
meters; (c) investigating the possibility of a demand in 
America for a narrower series of double-row ball bearings 
than the present S. A, E. Standard. 

The Sectional Committee suggests that in studying the 
possible change of outside diameters the Society endeavor 
to omit some of the intermediate sizes, particularly in the 
heavy series, and that the outside diameters of the series 
be selected so that as few outside diameters as possible are 
necessary, to reduce the necessary tool equipment. 

Corner Radii.—The Sectional Committee has requested that 
the Society consider changing the S. A. E. Standards so 
that they will conform with the corner radii adopted by the 
German Standards Committee, particularly in view of the 
fact that it is stated that the S. A. E. corner radii are too 
small. 


Tolergnces.—The Sectional Committee has requested that 
the Society consider the German standard width-tolerances 
and indicate what recommendation should be made for stand- 
ard width-tolerances in American practice, as well as what 
would be the result in America if the closer German toler- 
ances were adopted. 


IGNITION-DISTRIBUTOR MOUNTINGS 


The present S.:A. E. Standard for Ignition-Distributor 
Mountings, page B16, S. A. E. HANDBOOK, specifies that the 
distance from the base of the distributor body to the end of 
the coupling tongue shall “vary to suit conditions.” 

As it was thought that this dimension should be stand- 
ardized, a Subdivision of the Electrical Equipment Division 
was appointed to circularize ignition-distributor manufac- 
turers and users and to recommend a revision of this stand- 
ard based upon the data obtained. W. A. Chryst was ap- 
pointed to carry on this work and has recommended that the 
following revisions be made in the present S. A. E. Standard 


(1) Specify a dimension of 27/32 in. for the distance 
from the base of the distributor body to the end 
of the coupling tongue of the Type-B ignition-dis- 
tributor 

(2) Change the limits for the bore of the collar from 
0.4930 in. maximum and 0.4920 in. minimum to 
0.4915 in. maximum and 0.4905 in. minimum 


The dimension of 27/32 in. is in accord with present prac- 
tice. The revision in limits does not affect the actual manu- 
facturing tolerances now specified for each part, but results 
in closer fits, 0.0020 in. maximum and 0.0005 in. minimum 
instead of 0.0035 in. maximum and 0.0020 in. minimum, be- 
tween the collar and the shaft. As it is thought that the fit 
of the tongue and the groove is more important than that 
of the collar and the shaft because there is more wear be- 
tween the former than between the latter, no revisions of 
the present limits are recommended. 


PASSENGER-CAR BUMPERS 


In 1921 a questionnaire was sent to passenger-car builders 
as to the feasibility of standardizing a plain bolted-on con- 
nection for passenger cars using the conventional type of 
pressed-steel frame. Although it was pointed out that the 
adoption of such a standard would necessitate providing 
holes in the passenger-car frame in conformity with what- 
ever standard was proposed, these holes to be used either 
by the passenger-car builders for mounting bumpers as stand- 
ard equipment or by the owners for mounting bumpers as 
accessories, over 90 per cent of manufacturers replying to 
the questionnaire recommended the formulation of such a 
standard bumper-mounting. 

A Subdivision, consisting of F. G. Whittington and E. W. 
Weaver, was therefore appointed to formulate a preliminary 
recommendation and has recently submitted the recommenda- 
tion given in Fig. 1. 
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PROPOSED RECOMMENDATION FOR PASSENGER-CAR BUMPER 


Two 33/64-in. diameter bolt-holes shall be located 
on or near the neutral axis of the frame section 
The first bolt-hole from the frame horn shall coin- 
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cide with the first or second rivet hole and shall be 
located at least 1 in. above the frame-horn lug. Clear- 
ance must be provided for the bolt-head inside of the 
frame channel 

The second bolt-hole shall be located on a line pass- 
ing through the center of the first bolt-hole at an 
angle of 15 deg. plus or minus 2 deg. above the hori- 
zontal and at a distance from the first bolt-hole of 
from 3% to 4% in. In cases where the second bolt- 
hole is to be used for mounting a shock-absorber, the 
hole shall be located not more than 17/16 in. from the 
bottom of the frame channel at the nearest point 

There should be normally a clearance of %4 in. be- 
tween the side-rail and bumper bracket so that the 
latter will clear the rivet-heads 


In case passenger cars are not equipped with bumpers as 
standard equipment, it is intended that a flat-headed bolt 
shall be used in place of the first or second rivet to facilitate 
mounting bumpers as accessories. 


IRON AND STEEL SPECIFICATIONS 


The matters outlined below were brought out at the Feb- 
ruary Iron and Steel Division meeting. 

Chemical Compositions——The suggestion made by E. A. 
Johnston, of the International Harvester Co., to reduce the 
standard carbon-steels to the least number required was dis- 
cussed in considerable detail in connection with present prac- 
tice among steel producers and parts manufacturers. A con- 
ference on the subject is to be arranged between the mem- 
bers of the Division and representatives of the International 
Harvester Co. and other implement manufacturers. 

It was stated that at the present time there is no com- 
position in the carbon-steel group suitable for steel spring 
wire. The steel used by the steel-wire manufacturers ranges 
around 0.65 per cent carbon and 0.75 to 1.05 per cent man- 
ganese, but it is thought that if there were an S. A. E. Steel 
designated as Steel 1065 concerted effort among steel mills 
would practically bring about its universal use. S. A. E. 
Steel 6150 is easily obtainable and used to some extent for 
the purpose in mind, but the greater volume of spring wire 
is made from carbon-steel. It is understood that the steel- 
wire mills required the specially high manganese-content in 
the carbon-steel because of difficulties in the drawing opera- 
tions encountered with lower-manganese steels. 

Although the work of the Iron and Steel Division so far 
has been related to steel compositions for forging purposes 
rather than to compositions for special purposes such as 
spring wire, it is felt by the members of the Division that 
the suggested subject should be taken up. Chairman Gil- 
ligan appointed the following Subdivision to investigate the 
practice among the various steel wire mills and to prepare 
a tentative report for consideration by the Division: 


L. A. Danse, chairman 
W.: C. Peterson 

C. F. W. Rys 

E. W. Stewart 


Cadillac Motor Car Co. 
Atlas Crucible Steel Co. 
Carnegie Steel Co. 
William D. Gibson Co. 


Bessemer Steels.—Attention was given to the subject of 
standardizing bessemer-steel specifications, as the following 
comments had been submitted: 


Outside of S. A. E. Steel 1112, screw-stock, which 
could be a bessemer steel, the automotive engineers 
are strongly in favor of the open-hearth process, due 
largely to the low phosphorus-content possible in open- 
hearth steels. However, the attitude toward bessemer 
stock is not altogether justified, as perhaps 85 per cent 
of the steel going into the products of a large number 
of the implement manufacturers is bessemer steel 


The opinion was expressed that if bessemer steels were 
included in the specifications, there would be danger of auto- 
mobile manufacturers using them when open-hearth steels 
are not readily obtainable. The Division members present 
were of the opinion that it would be unwise to mix steels 
such as the bessemer types, which are used by the agricul- 


tural-implement manufacturers, with those now included in 
the S. A. E. Steel Specifications which are used by the auto- 
mobile and tractor industries. As it was deemed inadvisable 
to make a final decision, it was voted to table the subject until 
further information shall have been received. 

Cast Iron.—The suggestion that the Division take up the 
matter of the adoption of standard specifications for cast 
iron was discussed. Previous attempts of the Division to 
prepare such specifications ‘vere mentioned and the opinion 
expressed that before the subject is taken up, tentative speci- 
fications for as many grades of cast iron as may be consid- 
ered necessary should be submitted. It was noted that the 
tendency is toward specifying the grades of cast iron ac- 
cording to the Brinell hardness instead of by chemical analy- 
sis. 

Sheet Steel.—A progress report was submitted from W. C. 
Peterson that data are being collected for a general specifica- 
tion for sheet steel and that a tentative report should be 
ready for consideration by the Division at the next meeting. 


LEAF-SPRING STOCK 


At the Iron and Steel Division meeting held on Oct. 21, 
1921, M. P. Rumney explained that the spring manufacturers 
had felt that there is need for further standardization by 
the Society. It was indicated that the Leaf-Spring Group of 
the Motor and Accessory Manufacturers Association could 
accomplish much by suggesting to the Springs Division of 
the S. A. E. Standards Committee certain subjects for stand- 
ardization or in some cases submitting recommendations to 
the Springs Division for consideration and adoption by the 
Society. 

Mr. Rumney stated that under present conditions there is 
lack of uniformity of practice in rolling leaf-spring stock 
and that the following proposal, which had been submitted 
by the Leaf-Spring Group, is the best compromise that could 
be made between the varying practices in different mills. 
It was decided to circularize the proposal among manufac- 
turers and users of leaf-springs for comment. 


ROLLING TOLERANCES FOR CONCAVE AUTOMOBILE 
SPRING STEEL 

The finished bars shall be of double-concave section 
with round edges. The radii of the arcs of the two 
concave surfaces shall be of equal length 

Rolls to produce the round edges shall be turned to a 
radius equal to two-thirds the thickness of the bar 

All bars ordered to gage shall be rolled to the Bir- 
mingham wire gage 

All bars must meet the width and thickness toler- 
ances specified in Table 1 





TABLE 1—WIDTH AND THICKNESS TOLERANCES 
Width of Flat, in. 


To, Inclu- Width, in. Thickness,’ in. 

Over sive Plus Minus Plus Minus 
0 2% 1/32 0 0.005 0.005 
2% 3 3/64 0 0.006 0.006 
3 5 1/16 0 0.007 0.007 





i Thickness measurement to be taken at edge of bar where con- 
cave surface intersects round edge. 





The difference in thickness between the two edges 
of each bar shall not be greater than those given in 
Table 2 


TABLE 2—DIFFERENCES IN THICKNESS 
Width of Flat, in. 


To, Inclu- Difference in 

Over sive Thickness, in. 
0 2 0.002 
2 3 0.003 


Ps o 0.004 


Spring-steel bars shall not have more than 1-in. 
curvature in 20 ft., or 1% in. in 25 ft., or 1% in. in 
30 ft. 
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The concavity, the difference between the thickness 
at the edges and at the center of the bar, shall be as 
specified in Table 3 





TABLE 3—ALLOWABLE VARIATIONS IN CONCAVITY 


Nominal Maximum Minimum 
Concavity, Concavity, Concavity, 
Width, in. in. in. in. 

1% 0.007 0.009 0.004 
1% 0.008 0.010 0.005 
2 0.010 0.012 0.006 
2% 0.011 0.013 0.007 
2% 0.013 0.015 0.009 
3 0.016 0.018 0.012 
3% 0.018 0.020 0.013 
4 0.021 0.023 0.016 


0 0.029 0.031 0.023 


MOTORBOAT CONTROLS 


Further standardization of motorboat controls has been 
suggested, it being stated that 


The only reverse control provided on all marine en- 
gines as equipped at the present time is the standard 
reverse lever keyed to the reverse-gear jackshaft. This 
lever has been, and is, the only reverse control provided 
since the installation of the first reverse-gear. It would 
be helpful if a standard reverse-control mechanism 
could be provided on all standard marine engines so 
that the motorboat builder could connect standard 
bridge-deck controls direct to the engine builders’ con- 
trol equipment, which it is impossible to do on any 
standard marine engine today, for it is necessary for 
the motorboat builder to throw the regular reverse 
lever away and build his own controls from the bridge- 
deck control position all the way to the reverse-gear. 

The same conditions apply in every respect to the 
spark and throttle controls, as the engine builders only 
provide brass levers here and there wherever they can 
be mounted. 

PASSENGER-CAR FRAMES 


At the November 1921 meeting of the Frames Division 
the present S. A. E. Recommended Practice for Passenger- 
Car Frames was reviewed and it was found that, although 
certain parts of the recommended practice are still in accord 
with present practice, much is obsolete. 

As it is believed that a standard consonant with present 
practice would be of material assistance to many passenger- 
car designers and to the frame manufacturers, owing to the 
fact that frequently a car builder is willing to use whatever 
frame the frame manufacturer is tooled for which will meet 
with his requirements, it was decided to circularize the in- 
dustry for information as to present passenger-car frame 
practice. 

There is a tendency in some instances toward the use of 
frames with straight and parallel side-members. If the data 


BUSINESS AND 


¥ HE perennial controversy between engineering produc- 
tion and sales indicates something amiss in the system 
of education and training that is intended to turn out men 
who are able to pull together and see each other’s view- 
point. Members who are specially concerned with this 
phase of business engineering may be interested in learning 
that the United States Commissioner of Education is calling 
a second public conference on commercial engineering on 
behalf of a committee on commercial engineering appointed 
by him to investigate business training of engineers and en- 
gineering training for students of business. 

The conference will be held May 1 and 2 at the Carnegie 
Institute of Technology in Pittsburgh. President Arthur 


received indicate a sufficient use of this type of frame to war- 
rant its standardization, it should perhaps be covered by the 
Division recommendation. Data that have been obtained by 
the Society have been referred to a, Subdivision for prelim- 
inary study. 

MAGNETO MOUNTINGS 


The standardization of magneto mountings for stationary 
engines, isolated electric-lighting plants and small tractors 
is one of the most important problems before the Electrical 
Equipment Division. At the meeting held recently in Chi- 
cago by the Subdivision appointed to formulate a recommen- 
dation a preliminary proposal, Fig. 2, was approved. This 
has been submitted to engine and magneto manufacturers 
for comment. 
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Fic. 2—PRPLIMINARY PROPOSAL FOR A STANDARD MAGNETO MOUNTING 


The proposal, together with all comments received, will be 
considered at the next meeting of the Electrical Equipment 
Division. 


ENGINEERING 


Hamerschlag of that institution is a member of the com 
mittee, which is composed of deans of prominent schools of 
engineering and commerce in our larger universities, and 
of engineers and business men who are nationally known for 
their interest in the reduction of the costs of production, 
distribution and transportation, through better training in 
schools and colleges of the personnel of industry and com- 
merce. The conference will be open to the public. Invita- 
tions to appoint delegates to the Pittsburgh conference will 
be sent, however, by the Commissioner of Education to com- 
mercial and trade organizations, engineering and scientific 
societies, educational institutions and other groups, as well 
as to prominent individuals. 
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Applicants 
Qualified 


The following applicants have qualified for admission to 
the Society between Feb. 10 and March 10, 1922. The 
various grades of membership are indicated by (M) Mem- 
ber; (A) Associate Member; (J) Junior; (Aff) Affiliate; 


(S M) Service Member: (F M) Foreign Member; (E 8) 
Enrolled Student. 











BARCLAY, Eric (A) merchant, Teal & Co., Inc., Manila, P. I. 


BROAD, Ropert FE. R. (E S) student, Armour Institute of Tech- 
nology, Chicago, (mail) Chesterton, Ind. 


CLARKE, JAMES RUSSELL, JR. (J) student, Cornell University, Ithaca, 
N. Y., (mail) 2 Central Avenue. 

CROSSMAN, S. B. (J) assistant service engineer, Detroit Cadillac 
Motor Car Corporation, New York City, (mail) Chichester 
Avenue, Hollis, N. Y. 


DEMPSEY, WILLIAM L. (M) president, and consulting engineer 
Dempsey Cycle Co., 618 Perry Building, Philadelphia. 


DODSHON, FRED GEORGE (A) by-products, General Motors Corpora- 
tion, Detroit, (mail) 819 Longfellow Avenue. 


DoMIJAN, RALPH (J) designer of tools, jigs, fixtures and experi- 
mental parts, Detroit Cadillac Motor Car Corporation, 245 West 
67th Street, New York City. 


DURLAND, Harry S. (J) instructor and technical salesman, Double 
Seal Ring Co., New York City, (mail) 63 Hinsdale Place, 
Newark, N. J. 


FARQUHARSON, F. B. (J) student, University of Washington, Seattle, 
Wash., (mail) 5236 21st Avenue, N. E 


FEZANDIE, EuGENE H. (E S) student, Columbia University, New 
York City, (mail) 165 East 66th Street. 


Gaa, Vicror H. (A) designing and experimental engineer, Edmunds 
& Jones Corporation, 4440 Lawton Avenue, Detroit. 


GPRMAN, JOHN WESLEY (A) assistant treasurer, Detroit Cadillac 
Motor Car Corporation, 1881 Broadway, New York City. 


GREENHOE, CLAUDP (M) engineer, motor bearings division, Hyatt 
Roller Bearing Co., Detroit, (mail) 209 Philip Avenue. 


GRUPNBERG, WALTHR H. (E S) student, Tri-State College, Angola, 
Ind., (mail) 509 West Maumee Street. : 


HaINes, W. S. (A) experimental engineer, Mercer Motors Co., 
Whitehead’s Road, Trenton, N. Jd. 


HAMMBERL, JacoB (M) body engineer, Packard Motor Car Co., 
Detroit, (mail) 7405 Hanover Avenue. 


Harry, Gorpon W. (E 8S) student, University of Michigan, Ann 
Arbor, Mich., (mail) 407 East University Avenue. 
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HAYES, Haro_p W. (A) division engineer, Dodge Bros., Detroit, 
(mail) 293 East Canfield Avenue. 


Houser, JESSE E. (M) chief inspector, Delco-Light Co., Dayton, 
Ohio, (mail) R. F. D. No, 7. 


HuGciIns, E. MB®LVILLE (M) chief engineer, Snead & Co., Jersey 


City, N. J., (mail) 27 Washington Square, North, New York 
City 


JONES, Lester G. (E S) student, Columbia University, New York 
City, (mail) 851 President Street, Brooklyn, N. Y. 


KIMRELL, ARTHUR W. (A) secretary and general manager, Cinch 
Fastener Corporation, 2335 West Van Buren Street, Chicago. 


KouL1, J. J. (A) assistant manager, City Machine & Tool Works, 
Dayton, Ohio, (mail) 1030 Arbor Avenue. 


Kopsuac, J. C. (A) general mechanical superintendent, Detroit 
Cadillac Motor Car Corporation, New York City, (mail) 810 
Ely Avenue, Long Island City, N. Y. 


LEAVITT, DupLEY W. (J) purchasing agent, Commodore Motors 
Corporation, New York City, (mail) 861 Hornaday Place. 


LILLIBRIDGE, H. W. (J) engineering department, Atwater Kent Mfg. 
Co., Philadelphia, (mail) 4820 Greene Street. 


LINDSTROM, CARL T. (E 8S) senior student in mechanical engineer- 
ing, Rensselaer Polytechnic Institute, Troy, N. Y. 


MARSHALL, WILLIAM J. (A) 765 Lincoln Place, Brooklyn, N. Y. 


NAKADA, KYOICHI (F M) assistant chief designer, Azomuna-Kibi- 
gori, Okoyamaken, Japan. 


O'Connor, THomMasS A. (A) service manager, Western Motors Co., 
Los Angeles, Cal., (mail) 1029 South Hope Street. 


PEAVEY, CLARENCE W. (A) instructor in technical and practical 
automobile repairs, Main Avenue High School, San Antonio, 
Tex., (mail) 324 Maverick Street. : 


REvuTER, IRVING J. (M) general manager, Remy electric division, 
General Motors Corporation, Anderson, Ind. 


Ricu, RALtPpu E. (A) president and chemical engineer, Amalga- 
mated Metals Co., ‘Chicago, (mail) 673 Sheridan Road. 


RIEGER, EARL CHARLES (E 8S) student, Armour Institute of Tech- 
nology, Chicago, (mail) 2620 North Lawndale Avenue. 


SEMINO, ANGELO F. (E S) student, Leland Stanford University, 


Stanford University, Cal., (mail) R. F. D. No. 2, Box 141, 
Mountain View, Cal. 


TIFFANY, HALsSTep R. (E S) student, Rensselaer Polytechnic Insti- 
tute, Troy, N. Y., (mail) 57 Second Street. 


WINQUIST, GEORGE WALTER (E S) student, Rensselaer Polytechnic 
Institute, Troy, N. Y., (mail) 128 12th Street. 

WorLeEY, Lee (A) chief draftsman on drawings for the Barling 
bombing plane, Witteman Aircraft Corporation, Hasbrouck 
Heights, N. J., (mail) 13 Myrtle Avenue, Newark, N. J. 


WRIGHT, BENJAMIN F. (J) chief draftsman, Wright-Fisher Engi- 
neering Co., Detroit, (mail) 20 Elmhurst Avenue. 


YAMAGATA, J. (F M) gasoline engine designer, Tokyo Gas & Elec- 


tric Co., Tokyo, Japan, (mail) No. 77 one chome Nihonenoki 
machi. 


ZPDER, JAMES C. (E S) student, University of Michigan, Ann Arbor, 
Vich., (mail) 1824 Geddes Avenue. 
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The applications for membership received between F* 
25 and March 15, 1922, are given below. The members of 
the Society are urged to send any pertinent information 
with regard to those listed which the Council should have JEIGHTON, HARRY 
for consideration prior to their election. It is requested hicago 
that such communications from members be sent promptly 


ALVUT, EDMOND JONEs, 
Troy, N.Y. 


ANDERSON, NELS G., chief 
Chicago. 


Bacon, ELBRIDGE F., student 
Mich. 


Brooks, DONALD B., student, Ohio State University, Columbu 
Brown, RonaLp J., assistant secretary, Tracking Trailer Co., 
land. 


CHAFFEE, FLOyp O., automotive engineer, Los Angeles Automot 
Works, Los Angeles, Cal. 


CLEMENTS, MENEFEE R., secretary, treasurer and general manager 
Clements-Steele Tobacco Co., Owensboro, Ky 


DANIEL, E. H., president and general manager, London Motor Plow 
Co., Springfield, Ohio 4 


DEFRANCE, SMITH J., student, University of Michigan nn <A? STRICKFADEN 
Mich. Ohio 


DoRAN, FELIx, Jr., special representative, Chevrolet Motor a TABER, MELBERT W., SI] 
Kansas City, Mo. tion, Lansing, Mich 


FarRIs, MARTIN W., foreman mechanic, Studebaker Corporation of TaweEs. J 
America, Brooklyn, N. Y bird, Md 


Fur Kau, PHILIP, student, Pratt Institute, Brooklyn, N. Y W HITEHEA cS managing 
Co.. Johannesbura, Unior 


GATOFF, JOHN HENRY, body engineer, Continental Body Corporation 
Hempstead, N. Y. OLCOTT x., Vice-president 
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